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Morphological Criteria of Phyletic 


Relationships 


EVERAL years ago the author made 

a taxonomic study of a relatively large 
genus of snakes. The number of avail- 
able specimens was small, data on the 
natural history of the various forms were 
lacking, and no recourse could be had 
to paleontological evidence. The attempt 
to establish the phyletic relationships of 
the known species was made from mor- 
phological and incomplete geographic 
data alone. This situation was far from 
unique; most taxonomists at one time or 
another are faced with the same problem 
and they formulate certain principles to 
aid them in their work. But these prin- 
ciples, seldom clearly voiced, are fre- 
quently tenuous or are inconsistently 
applied. This paper is an attempt to enun- 
ciate some of these principles and to for- 
mulate criteria which may be of value in 
phyletic studies. 

The basic assumption upon which all 
taxonomic practices rest is that similar 
organisms are related. This may be 
called the principle of similarity. It has 
been stated repeatedly in various ways, 
each statement qualifying or buttressing 
certain phases of the principle but in no 
way altering its basic meaning. The as- 
sumption as stated is open to criticism; 
what is meant by the phrase, “similar 
organisms”? The phrase ordinarily im- 
plies that similar organisms are made 
of the same substances, have developed 
under the control of the same genetic 
factors, and have developed in the same 
way. But if all of these processes were 
truly the same the organisms would, in 
fact, be identical. The very use of the 
term “similar” carries with it a connota- 
tion of degree. Organisms are similar if 
they are formed from similar substances 
under the control of similar modifiers in 
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a similar way. This may seem a cyclic 
argument—organisms are similar if they 
are similar—but it is more than that. The 
intended implication is that organisms 
are similar in direct proportion to the 
degree of similarity of all phases of their 
existence. As there are degrees of simi- 
larity, so must there be degrees of rela- 
tionship. This should be expressed as a 
percentage of developmental and meta- 
bolic factors shared by two organisms; 
the greater the percentage of common 
factors, the closer the relationship. The 
taxonomist is, however, seldom in a posi- 
tion to determine the physiological factors 
shared by two organisms. He assumes 
that if two structures or organisms are 
similar, then the factors controlling the 
development of each structure or organ- 
ism must in part be identical, and that 
the organisms are related. 

However, it is not always easy to apply 
this principle of similarity. Often super- 
ficially similar organisms are not as 
closely related as dissimilar ones. Char- 
acters such as color, size, and shape, are 
usually subject to rigorous selection by 
the fluctuating environment, with the re- 
sult that only a limited variety of forms 
is tolerated in any particular complex of 
environmental factors. Thus similar or- 
ganisms, when exposed to the same envi- 
ronment, may tend to approach each other 
morphologically. These superficial simi- 
larities obscure their true relationship. 

Internal characters, which are often 
less variable, are of much greater value 
than most external ones in establishing 
relationship, but frequently are less acces- 
sible to the taxonomist. Camp (1916) dis- 
covered a new salamander in the Yo- 
semite of California. He placed this spe- 
cies, platycephalus, in a Mexican genus, 
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Spelerpes. Later Dunn (1923) transferred 
the species to the Southern European 
genus, Hydromantes, hitherto represented 
by a single species, H. genei (Schlegel). 
The change was made on the basis of 
habits, coloration, dentition, some skull 
characters, lack of a basal constriction of 
the tail, webbing of toes, and the expan- 
sion of the terminal phalanges. The allo- 
cation to the same genus of two species, 
each highly restricted in its range on its 
own continent, was remarkable, espe- 
cially in view of the characters employed. 
But a careful myological study of the 
head and shoulder region (Adams, 1942) 
has corroborated Dunn’s decision. Here 
the relationship between two geographi- 
cally remote species was clearly estab- 
lished on the basis of the remarkable simi- 
larity of internal characters. 

Although the primary concern of taxon- 
omists is the study of relationships this 
paper deals with divergence, their second 
major concern. It deals especially with 
the patterns by which species or groups 
diverge from each other and the degrees 
of divergence involved. Divergence is the 
result of differential modification of the 
various components of a taxonomic group. 
These modifications can better be under- 
stood not as an adaptive feature of or- 
ganisms but as the toleration of an en- 
vironment for particular forms. Individ- 
uals of a population vary. Basically this 
variation is dependent upon mutations 
controlling the development of the organ- 
ism. These mutations and the rate at 
which they occur ordinarily seem to be 
under the influence of internal and en- 
vironmental factors different from those 
which more directly affect organisms. 
But the effect of the mutation rate, re- 
gardless of its origin, on the rate of mor- 
phological change, seems to be of degree, 
not kind. Through various climatological 
phenomena the environment is also sub- 
ject to change, and at various rates. Each 
step in phylogeny consists of a shift of 
an organism toward an equilibrium with 
a changing environment. 

This simple concept of an approach to- 


ward equilibrium may be illustrated dia- 
grammatically (Fig. 1). In this diagram 
successive environments are represented 
by grids, the perforations of which pro- 
gress from truncated triangles to equi- 
lateral triangles. Each grid represents a 
biological barrier through which only cer- 
tain organisms can successfully pass. Be- 
low each grid lies a population of variable 
organisms. Certain members of the popu- 
lation are tolerated, or selected, by a par- 
ticular environment, passing through the 
grid to the level above. Here variation 
again becomes apparent; the new vari- 
ants, however, are derived from the mu- 
tant forms which were screened by the 
environment from the earlier populations. 
This diagram represents the changes 
which may occur in a single population 
exposed to a changing environment. In- 
asmuch as a species or larger group is 
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Fic. 1. The evolution in a changing en- 
vironment of species “square” into species 
“triangle.” The grids represent the selective 
action of three successive environmental com- 
plexes. 
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recognized by a complex of characters 
which define its form, the change from 
one type to another simply represents the 
collective change of a large number of 
the individual characters of the complex 
which defines the species or group. But 
the phenomena associated with the 
changes in a complex of characters are 
the same as those concerned with the 
modification of a single character. Here- 
after, unit characters alone will be con- 
sidered. The sequence depicted in Fig- 
ure 1 then can be taken to represent a 
series of changes involving but a single 
character instead of a race. This is more 
simply diagrammed in Figure 2, where a 
character, square, is modified in time to a 
different character, triangle, through the 
sequence A to E. 

Such a sequence, known as a chrono- 
cline, exhibits polarity. That extreme 
which lies at a higher level in time is 
derived from forms lying at lower levels 
and is here called the derived extreme. In 
the particular cline under consideration an 
arbitrary starting point was selected. The 
cline might continue back into time, but 
for the study of any one character, there is 
usually a fairly well defined starting point 
previous to which the character was rela- 
tively stable for a long period. This start- 
ing point in any particular chrono-cline 
will be designated as the primitive ez- 
treme. Between the primitive extreme 
and the derived extreme there will of 
necessity be a large number of intermedi- 
ate forms, the number depending upon 
the temporal duration of the cline, the 
refinement of the methods of mensuration, 
and the number of actual mutations in- 
volved in the evolution of the cline. These 
intermediate stages will be called inter- 
venients. By the definitions employed in 
describing this chrono-cline, and by the 
nature of its inception, it can be seen that 
the morphological changes involved pro- 
ceed in one direction only, from the primi- 
tive extreme to the derived extreme. 
Furthermore, if any two of the inter- 
venients or extremes are available, the 
direction of the cline can be determined 


immediately, for each intervenient in a 
chrono-cline must precede the derived 
extreme. 


Principle of Identity of Chrono- and 
Morpho-clines 


In the above description of a chrono- 
cline it has been assumed that the race in 
which the cline has developed cannot 
escape from a changing environment. Ac- 
tually, however, escape is often a possible, 
if not a frequent occurrence. When the 
environment changes in one geographic 
area, that of adjacent areas may remain 
unchanged. Sometimes the environment 
of a particular area seems to shift in time 
to a different geographic area without 
great alteration. Presumably, if an organ- 
ism remains within this environmental 
complex it will not change morphologi- 
cally, thus preserving primitive characters 
for long periods of time. This concept is 
also represented in Figure 2. These es- 
capes, which may occur at any level in 
time, are represented by the phyletic 
lines A—A’, B-B’, etc. If a series of tem- 
poral intervenients should escape in this 
fashion, then at any one level in time 
there would exist a series of populations 
varying morphologically from one ex- 
treme to another. This series forms an 
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Fic. 2. Illustration of the principle of iden- 
tity. The chrono-cline A-E is represented at 
the present time by the morpho-cline A’—E, 
each member of which represents an escape 
from the orthogenetic chrono-cline. 
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isochronic cline as represented by the 
sequence A’-E. While escapes ordinarily 
involve the invasion of different geo- 
graphical areas, it is possible that only 
part of the area inhabited by a particular 
organism might become subject to en- 
vironmental change. In this event the 
population remaining in the unaltered 
area can be considered an “escape” rela- 
tive to that of the altered. Clines have 
been designated as eco-clines or geo-clines 
(Huxley, 1939), but it is quite possible 
that allopatric forms arising in these ways 
might later become sympatric. To my 
knowledge no term has been coined to 
describe such morphological clines. I 
propose, therefore, the term morpho-cline 
to include not only eco-clines and geo- 
clines as defined by Huxley but also those 
discontinuous clines remaining should 
the populations attain complete specific 
status. As a taxonomist is confronted or- 
dinarily with morpho-clines only, their 
interpretation is of vital importance. If 
each intervenient in time should persist 
unchanged as an intervenient in space at 
a subsequent time, an ideal situation 
would exist for determining the phylog- 
eny of a particular population. In analyz- 
ing the relationships between races of 
organisms, the taxonomist assumes that 
morpho-clines are partially or entirely 
identical to the chrono-clines from which 
they are derived. 

Before proceeding with an analysis of 
morpho-clines, it should be pointed out 
that one exception to the above criterion 
is of frequent occurrence. Sometimes a 
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Fic. 3. Diagram to illustrate the origin of a 
morpho-cline by convergence. The morpho- 


cline A-Z’ is derived from two separate 
chrono-clines, D—A and Z-W. 


Fig. 3 


morpho-cline represents two chron - 
clines. This possibility is diagrammed in 
Figure 3. The derived extreme A of a 
chrono-cline D-A might fit into a morpho- 
cline designated by W, X’, Y’, Z’. The 
latter cline might represent in part a com- 
pletely different chrono-cline W-Z. This 
demonstrates convergence, and shows 
that every morpho-cline is not necessarily 
identical with a single chrono-cline. 
Methods are developed later in this paper 
which will assist in recognizing such 
phenomena. 


Principles of Divergence 


The principal problem in the analysis 
of a morpho-cline, the determination of 
its polarity, scarcely exists in chrono- 
clines. If the geological horizons have 
been carefully and accurately determined 
then the forms found in these horizons 
form a chronological sequence, and the 
polarity of any cline is apparent. But 
in morpho-clines of any particular hori- 
zon the polarity of such clines cannot so 
easily be determined. The fact that the 
derived extreme might be either a de- 
generate or a specialized condition further 
complicates the problem, and a worker 
familiar only with other groups, might 
erroneously conclude that a derived de- 
generate condition was primitive. 

The examples given below indicate the 
methods currently employed by taxono- 
mists in the determination of polarity in 
such morpho-clines. 

In his monograph Blanchard (1942) 
recognized several adaptive characters in 
the snake genus Diadophis. These were: 
1, small size; 2, slender bodies; 3, flattened 
heads; 4, semi-fossorial habits. He also 
found that large snakes tended to have 
more rows of body scales than did smaller 
snakes closely related to them. He con- 
cluded from these adaptive features that 
the most primitive member of the genus 
should exhibit these characters in the 
least modified form and should resemble 
the less specialized members of other 
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genera. The species dugesii fulfills these 
requirements because it has: 


1. Large size. 

2. The largest number of scale rows in 
the genus. 

3. A robust body. 

4, A temporal scale formula of 2-2-1 as 
opposed to 2-1-1 in the rest of the 
genus. This reflects the lack of head- 
flattening in this species. 

5. A moderate number of ventral and 
subcaudal scales. 

6. A lack of any extreme modifications. 


This lack of divergence from the basal 
stock from which the genus must have 
been derived indicates that D. dugesii 
approaches the common condition from 
which divergence in different genera has 
occurred. Hence D. dugesii is primitive. 

Dunn (1917) used similar reasoning in 
determining the phylogenetic position of 
D. quadramaculata in the American pleth- 
odont salamander genus Desmognathus. 
He suggests that it is the most primitive 
member of the genus because it most 
closely resembles species of other pleth- 
odont genera in larval size, retention of 
vomerine teeth in the male, and a lack of 
sexual dimorphism in the hooking of the 
jaws. It is also the largest member of the 
genus and in external characters closely 
resembles Leurognathus marmorata, a 
monotypic species in the genus most simi- 
lar to Desmognathus. He concluded from 
this lack of divergence from a generalized 
plethodont stock that this species is 
primitive. 

The same logic was employed by Clark 
(1944) in his discussion of the phylogeny 
of snakes on the basis of hemipenial struc- 
ture. The ontogeny of the hemipenes 
gives no clue to the manner in which they 
might have evolved. Clark was faced with 
the problem of determining which hemi- 
penial type constituted the primitive con- 
dition. Camp (1923) had suggested, on 
other anatomical grounds, that snakes 
probably arose from anguimorph lizards 
of the platynotid stock. The modern vara- 
nid lizards are also members of this stock 


and in them the hemipenes are orna- 
mented with flounces and have a bifurcate 
sulcus spermaticus. Clark therefore sug- 
gests that similar hemipenes in snakes 
represent the primitive condition. 

The principle involved in these ex- 
amples is the same, namely, that mem- 
bers of a particular group have diverged, 
orthogenetically, from some _ ancestral 
stock and that the primitive extremes of 
the morpho-clines concerned are to be 
sought in the less divergent, or more 
generalized, representatives of related 
groups. Figure 2 represents this principle 
diagrammatically. Assume that E, D’, C’, 
and B’ are the intervenients and extremes 
of a morpho-cline found in as many spe- 
cies. The character A’ resembles B’, but 
occurs, let us say, in a species which on 
other anatomical grounds must be in- 
cluded in a different genus. Our problem 
is the determination of the primitive ex- 
treme of the morpho-cline E-B’. If this 
cline represents a series of escapes in time, 
as has been suggested above, then the 
morpho-cline has its homologue in a 
chrono-cline. This chrono-cline is repre- 
sented in the diagram by the sequence 
B-E. Since B represents the character 
before it was modified, it should resemble 
that found in contemporary species closely 
related to it. Each species in turn may 
give rise to divergent groups. A repre- 
sents the character as it is found in one 
of these species. It occurs later in time 
unchanged as A’ in a species of a different 
genus. This genus, of course, might in- 
clude other more modified species not 
shown in the diagram, but the resem- 
blance of the character A’ in this genus 
to the character B’ in the first genus 
strongly suggests that these conditions 
represent the character in its least modi- 
fied state. It is highly probable that B’ 
represents the primitive extreme of the 
morpho-cline B’-E. It can therefore be 


said that if one extreme of a morpho-cline 
resembles a condition found in the less 
modified members of related groups of the 
same rank, this extreme is primitive. 
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A variation of this principle is em- 
ployed by some workers in which two or 
more morpho-clines are considered simul- 
taneously. Dunn’s work (1917) on the 
phylogeny of the American plethodont 
salamander genus Desmognathus again 
furnishes an example. On the basis of 
several morpho-clines he has arranged the 
species and subspecies of the genus in 
the following manner. 


quadramaculata—monticola—fusca fusca 


D. quadramaculata is considered primitive 
for the reasons stated above. Starting 
with this primitive member, several mor- 
pho-clines can be traced through these 
species and races. But beyond D. fusca 
fusca two sets of divergent morpho-clines 
become apparent, ending in their extreme 
conditions in D. brimleyorum and D. 
o. ochrophoea, respectively. In the D. fusca 
fusca—D. brimleyorum line: 


1. The lateral areas assume importance 
in the development of color pattern 
ending in lateral light spots. 

2. The parasphenoid teeth patches be- 
come progressively shorter. 

3. The body becomes elongate and 
slender. 

4. The limbs become weak. 


In the D. fusca fusca—D. ochrophoea 
ochrophoea line: 


1. The dorsal areas assume importance 
in the development of color pattern 
ending in longitudinal stripes. 

2. The males develop a hooked man- 
dible. 

3. The body becomes more robust and 
shorter. 

4. The legs become stronger and better 
adapted to terrestrialism. 


D. fusca fusca is considered the most 
primitive of the five species and races con- 
cerned because it exhibits the extremes of 
both series of divergent morpho-clines. 

Stull (1940) has also made use of this 
device in her study of the American colu- 
brid snake genus Pituophis. She found a 


morpho-cline involving an increase in the 
number of dorsal spots in the three recog- 
nized subspecies of a western form, Pitu- 
ophis catenifer catenifer, P. c. deserticola 
and P. c. anectens. On this basis the three 
forms could be arranged in the sequence: 
deserticola—catenifer—anectens. But an- 
other morpho-cline involving decrease in 
the number of ventral scales, also occurs 
within this complex. On the basis of this 


7 f. auriculata—brimleyorum 
\ ochrophoea carolinensis—o. ochrophoea 


morpho-cline the races should be arranged 
in a different sequence: deserticola—anec- 
tens—catenifer. As only anectens exhibits 
an extreme of both clines, she assumes 
that anectens is primitive and that the 
extremes of both clines, as exhibited in 
anectens, are the primitive extremes of 
the morpho-clines involved. 

In these instances two or more morpho- 
clines appear in different but closely re- 
lated groups of species. The problem is 
again the determination of the polarity of 
these morpho-clines. In each example one 
species exhibits an extreme of both mor- 
pho-clines. This species is considered an 
escape from an ancestral type which sub- 
sequently gave rise to two or more diver- 
gent chrono-clines which are represented 
today by different morpho-clines. The ex- 
tremes of these morpho-clines which are 
present in a single species should be con- 
sidered primitive. Although only rela- 
tively small taxonomic categories are in- 
volved in these illustrations, the same 
principle could be applied to larger cate- 
gories. This principle might be expressed 
as a criterion: Jf two or more morpho- 
clines appear in different groups of organ- 
isms, and an extreme of each morpho- 
cline occurs in the same taxonomic unit, 
then these extremes are the primitive ez- 
tremes. 

A similar method may be employed in 
determining simultaneously the polarity 
of two morpho-clines involving the diver- 
gent modification of the same character. 
Blanchard (1942) found four non-integrat- 
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ing groups in the American snake genus 
Diadophis. Two were western, one east- 
ern, and one southern. The southern 
group, represented by a single species, 
dugesii, is the most isolated morphologi- 
cally, yet the trends of modification (mor- 
pho-clines) in the two western groups 
approach the characters found in this 
southern species. Different trends involv- 
ing the same or different characters in 
the eastern group also have extremes 
which approach conditions found in D. 
dugesii. Some trends in the western D. 
regalis and D. amabilis groups are: 


1. Increase in ventral scale count. 

2. Increase in length and relative slen- 
derness. 

3. Recession of dark color from lower 
rows of dorsal scales. 

4. Widening of neck ring. 


Some trends in the eastern D. punctatus 
group are: 


1. Decrease in ventral scale count. 

2. Decrease in body length accompa- 
nied by greater robustness. 

3. Reduction of size of posterior maxil- 
lary teeth. 

4. Reduction of extension of dark color 
of head around corner of mouth. 


The first two trends of each group involve 
the same characters; the second two in- 
volve different characters which remain 
unmodified in the other. These latter char- 
acters (many others are described by 
Blanchard) may be used in applying the 
second principle of divergence. But the 
first two characters involve morpho-clines 
which have different extremes in the most 
modified members of the various groups 
but tend to approach each other in the 
less modified members, and finally are 
identical in the southern form, D. dugesii. 
Blanchard concluded that D. dugesii is the 
most primitive member of the genus and 
the extremes of the various morpho-clines 
found in this species are the primitive 
extremes. 

These examples are represented dia- 
grammatically in Figure 4. The primi- 


tive extreme in the chrono-clines involved 
is A’W’. Two clines diverge from this 
common starting point ending in the de- 
rived extremes D and Z which represent 
dissimilar characters. If a number of 
intervenients of both clines persists, a 
double morpho-cline will be formed, repre- 
sented by the line D-Z. In practice, analy- 
sis of such a cline will reveal that it can 
best be described by recognizing three 
extremes. By using AW as one, there will 
be two clines starting from the same point. 
One proceeds through a series of inter- 
venients to the extreme D, the other 
through a different series to Z. If it is 
assumed that a morpho-cline is wholly or 
partially identical to a chrono-cline, the 
polarity of each of the clines can be de- 
termined. It can be assumed that the 
starting point AW is the primitive ex- 
treme of two morpho-clines and that D 
and Z are the respective derived extremes. 
A criterion may be formulated to embody 
this principle of divergence: If two ez- 
tremes of two clines are identical and are 
found in the same taxonomic unit, the 
identical extremes are primitive and the 
dissimilar extremes are derived. 

There is an alternative interpretation 
of such a double cline which is not merely 
an academic possibility but often presents 
difficulty in taxonomic studies. If only 
a single pair of clinous characters is con- 
sidered, the spatial dispersion of the avail- 
able intervenients could be explained by 
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Fic. 4. The third principle of divergence. A 
character A'W’ evolves in two directions form- 
ing the two chrono-clines A’W’-Z and A'W'- 
D. Escapes from these two chrono-clines form 
the double morpho-cline D-AW-Z. 
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Fic. 5. Diagram to illustrate the possible 
origin of a double morpho-cline by conver- 
gence. 


the principle of convergence, as Figure 5 
depicts. Two chrono-clines might exist, 
consisting of two dissimilar primitive ex- 
tremes, A’ and W’, which proceed in time 
through a series of intervenients to a simi- 
lar endpoint DZ. These clines A’-DZ and 
W’-DZ might then be represented mor- 
phologically by the clines A-DZ and W- 
DZ. The formation of the double cline 
A-DZ-W could then be accounted for by 
two di:.netrically opposite phenomena, 
namely, convergence and divergence. 
Practical experience shows that conver- 
gence is relatively rare. Nevertheless, it 
must always be considered in the analysis 
of such clines. Criteria which may assist 
in distinguishing between convergence 
and divergence are developed later in this 
paper. 


Principle of Precurrence 


It has been suggested above that dur- 
ing the development of an orthogenetic 
series, members may escape at any time, 
remaining in that environment to which 
they are adapted. It is these members 
which, preserving their characters un- 
changed, constitute the intervenients of 
morpho-clines. If, however, a temporal 
intervenient of a phyletic series success- 
fully makes an escape and diverges suffi- 
ciently to be specifically isolated, the en- 
vironment with which it has established 
an equilibrium may then shift or alter. 
If the environmental change is not too 
rapid, selection of mutants within this iso- 


lated species may establish a new phyletic 
series. This series with its galaxy of clines 
may follow the succession of changes 
characteristic of the original series or it 
may take an entirely new direction. The 
starting point of the new series is then an 
intervenient of the old one. This process 
may be repeated, and some part of each 
old series would be a precursor to the new. 
Or, to state this differently, a new series 
with its new pattern of changes arises 
from a precurrent series. 

Noble (1922) in his remarkable studies 
on the phylogeny of the Salientia has em- 
ployed this principle. He developed a 
system of classification which emphasized 
vertebral structure and the number and 
arrangement of the thigh muscles. This 
classification cut across the major group- 
ings of some earlier systems which had 
placed primary emphasis on the presence 
or absence of teeth. Noble interpreted 
the loss of teeth as a secondary adaptation 
which had occurred independently as a 
terminal specialization in several different 
groups. He took exception to Boulenger’s 
opinion (1919) that several toothless gen- 
era of the family Pelobatidae are primi- 
tive and might have led towards those 
more advanced families, Cystignathidae 
and Bufonidae. While the thigh muscula- 
ture is highly modified in these latter 
families, the more generalized members 
have maxillary teeth. In the Pelobatidae 
the thigh musculature is generalized and 
all but three genera possess maxillary 
teeth. In reference to these toothless pelo- 
batid genera, Noble (loc. cit. p. 60) states 
that “If (these) end states .... repre- 
sent the terminations of a series of ortho- 
genetic changes, they most certainly do 
not form the ancestral stock from which 
other groups possessing more primitive 
features have been derived.” Noble has 
thus shown that the polarity of the mor- 
pho-cline involving the presence of teeth 
is toothed-to-toothless, and that any forms 
evolving from a toothless progenitor 
would of necessity also be toothless or if 
teeth were present they would be pseudo- 
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teeth (a phenomenon that actually occurs 
in the lower jaw of some Salientia). 

Clark (1944) used similar reasoning in 
his studies of the hemipenes of snakes. 
He showed that the spinous ornamenta- 
tion present in many forms is a derived 
condition. The initial step in the phylo- 
genetic sequence must have been the ap- 
pearance of spines at the proximal end of 
the organ, followed by an invasion of the 
distal portion of the organ which is orna- 
mented with the more primitive calyces 
or flounces. The extreme of this gradient 
is the complete replacement of the calyces, 
as occurs in the Natricinae. Clark points 
out that without a reversal of the evo- 
lutionary process, such a group could not 
give rise to forms with the calyculate 
hemipenes of other subfamilies of the 
Colubridae such as the Colubrinae or 
Xenodontinae. 

Both of these examples use the prin- 
ciple of precurrence in a negative way. 
The direction of change in a morpho- 
cline having been established by other 
methods, it was then concluded that more 
primitive forms could not evolve from the 
derived extremes of these morpho-clines. 
The principle has not been used to deter- 
mine the polarity of a morpho-cline itself. 
In Asiatic crotalid snakes of the genus 
Trimeresurus there is a morpho-cline in- 
volving the fragmentation of the head 
scales. As most families and genera of 
snakes have a crown pattern composed of 
large, symmetrically arranged plates, any 
condition in Trimeresurus approaching 
this pattern must be considered primitive 
on the basis of my first principle of diver- 
gence. Among forms in which the plate- 
lets are numerous, another morpho-cline 
is apparent, which involves the conver- 
sion of irregular platelets into symmetri- 
cal, imbricated scales. And again in those 
forms in which the fragmented platelets 
are scale-like, there is a third morpho- 
cline. Posteriorly the scales become cari- 
nated and in extreme instances all of the 
scale-like platelets are so keeled. It ap- 
pears to me that those forms which have 
keeled head-scales are more modified than 


those forms which have smooth head- 
scales only, because keeling could not 
invade this area unless there were sym- 
metrical scales present which could be- 
come keeled. Again, if platelets or scales 
were present in different species, the 
former condition is the more primitive 
because they are essentially normal plates 
but smaller. In this example one morpho- 
cline must be in existence before another 
can appear, and if the polarity of any of 
these clines can be established, the polar- 
ity of all of them is evident. Such a suc- 
cession has been represented in Figure 6 
as a series of chrono-clines rather than as 
a phyletic series of species. If each tem- 
poral intervenient of the three clines de- 
picted was represented by an escape, 
these escapes would constitute the inter- 
venients and extremes of comparable 


‘ 


Fig. 6 





Fic. 6. Precurrence. A series of three chrono- 
clines ABCD, BMNO, and NXYZ is shown. 
The second of these could not appear before 
the first, nor the third before the second. 
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morpho-clines, the counterparts of chrono- 
clines ABCD, BMNO, and NXYZ. In in- 
terlocking morpho-clines it is possible to 
determine the primitive and derived ex- 
tremes, because two of these clines are 
successively dependent on precurrents of 
the same series for their initiation. This 
line of reasoning may be summarized as 
a criterion: Jf an intervenient of any 
cline is identical to an extreme of another, 
then the first cline is primitive and the 
intervenient which forms an extreme of 
the second cline is its primitive extreme. 


Principle of Relicts and Specialists 


It frequently happens in the study of 
groups of organisms that one member is 
conspicuously different from others of its 
group in one or more characters. This 
phenomenon may be due to the lack of 
intervenients in a morpho-cline, a situa- 
tion which might arise in various ways. 
Temporal intervenients leading to the 
derived extreme might have formed an 
orthogenetic line without escapes occur- 
ring, or escapes might have occurred but 
become extinct. Either precludes the sub- 
sequent formation of a morpho-cline. This 
situation is depicted in Figure 7. The 
chrono-cline A-E’ is incompletely repre- 
sented by the morpho-cline A’-E’. The 
intervenients C and D which might have 
given rise to intervenients in this morpho- 
cline presumably have failed to do so, 
leaving a character E’ isolated from the 
group of characters A’ and B’. Here the 
isolated extreme E”’ is the derived extreme 
and is the most highly modified. For this 
reason it is said to be specialized and the 
form in which it occurs is a specialist. 
But in a morpho-cline lacking a number 
of intervenients, the polarity of the cline 
cannot always be determined. For ex- 
ample, the isolated member might rep- 
resent an escape which retains its primi- 
tive nature as is depicted in Figure 8. 
Such a character is primitive and the 
form possessing such a character is called 
a relict. 

Relicts and specialists are of frequent 


occurrence in various taxonomic catego- 
ries, but most taxonomists have little 
difficulty with them. The problems in- 
volved in their differentiation are akin 
to those of determining the polarity of 
divergent morpho-clines. For example, 
Bogert (1947) in naming a geographi- 
cally remote species of the iguanid lizard 
genus Uma was struck by the number of 
differences between this form and the 
three other species of the genus. The 
question arose as to whether this isolated 
form, U. exsul, was primitive or special- 
ized. Examination of a related iguanid 
genus, Callisaurus, revealed a number of 
the peculiar characters of U. exsul, in par- 
ticular, the unusually long hind legs, the 
abnormally long tail, the peculiar color 
pattern quite alien to the genus Uma, and 
details of plantar scutelation. On the 
basis of these resemblances U. exsul was 
considered primitive, a relict which is 
less specialized for the sand habitat than 
are the other species of Uma. 

Bogert and Matalas (1945) use this 
argument in their discussion of the taxo- 
nomic position of the elapid snake genus 
Ultrocalamus. They point out that this 
genus is closely related to three other 
New Guinea genera and one New Zea- 
land genus and that possibly the five 
genera should be reduced to one. All show 
peculiarities in their maxillary dentition 
which set them distinctly apart from 
other elapids. The teeth posterior to the 
fangs are numerous, form a gradient with 
the fangs, and are not segregated from the 
fangs by a diastema. As this condition is 
unique in the Elapidae but approaches 
the tooth arrangement in the Colubridae, 
Bogert suggests that this group of genera 
represents a primitive nucleus within the 
Elapidae and hence is relict. 

Stebbins and Lowe (1949) have also 
used this principle in their discussion of 
the phylogenetic position of the monotypic 
salamander genus Plethopsis. On the 
basis of a number of morphological char- 
acters they conclude that P. wrighti should 
be allocated to the genus Batrachoseps, 
which differs from most plethodont genera 
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in having the paired premaxillary bones 
fused into a single element as well as a 
high anucleate erythrocyte count (90%). 
In these two characters B. wrighti does 
not agree and hence resembles the pre- 
sumably more primitive condition of the 
closely related genus Plethodon. On this 
ground, and on the basis of other less 
isolated morphological characters, as well 
as the geographic position of B. wrighti, 
it is assumed to be primitive and repre- 
sents a relict species in the genus Batra- 
choseps. 

In these examples certain basic assump- 
tions have been made. These may be illus- 
trated by referring again to Figure 8, 
where A is the primitive extreme of a 
chrono-cline which gives rise to a group 
of extremes and intervenients A’, D’, and 
E’ of a morpho-cline. These forms are all 
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Fic. 7. Origin of a specialist. The morpho- 
cline E’—A’' is incomplete; the character E’ is 
isolated morphologically from the forms B’ 
and A’. The character E’ is specialized and 
the form bearing it is a specialist. 
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Fic. 8. Origin of a relict. The chrono-cline 
A-E"' gives rise by escapes to the imperfect 
morpho-cline A’—E’ from which certain inter- 
venients are lacking, thus isolating the primi- 
tive extreme A’ from the more specialized 
characters D’ and E’. The form bearing A’ isa 
relict. 


derivatives of one primitive character. 
Prior to the origin of this particular se- 
quence of changes it can be assumed that 
the character A had been relatively static. 
If this were not so then the cline would be 
only a partial cline and could be extended 
back in time to its real or hypothetical 
primitive extreme. This new point would 
represent a static condition of character 
A. But, by invoking the principle of simi- 
larity, it can be seen that the character A 
at this time level would perforce be 
shared in an identical, or only slightly 
modified, form with sister groups of or- 
ganisms of the same taxonomic rank. Then 
the species arising from these related 
forms would also show the same character 
A. Or, if these adjacent forms gave rise to 
phyletic series in which the character A 
itself was involved, there would be a 
series of morpho-clines, all of which would 
have character A as a primitive extreme 
in several different taxonomic groups. In 
any event, related groups would exhibit 
the same character or its derivatives at 
all subsequent time levels, if the A’ of 
Figure 8 represents a relict character. 
This line of reasoning may be formulated 
into a criterion: If a morphologically iso- 
lated character which occurs in one mem- 
ber of a group of related forms also ap- 
pears in the primitive members of closely 
related groups of comparable rank, then 
the character under consideration is primi- 
tive and the form possessing it is a relict. 

A similar line of reasoning has been 
employed by several authors to determine 
whether an isolated morphological char- 
acter constitutes a specialization. Bailey 
(1928), for example, in his monograph of 
the American lizard genus Ctenosaura 
found it unnecessary to compare C. bakeri 
with any other members of the genus 
except C. palearis because these two spe- 
cies are morphologically isolated. Bailey 
points out that Stejneger in naming the 
species C. palearis in 1899 was inclined 
toward erecting a separate genus for it 
because of its tremendously developed 
gular crest or dewlap. He refrained from 
so doing and two years later commented 
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on his wisdom in the same paper in which 
he described C. bakeri, a species some- 
what anectant between C. palearis and the 
rest of the genus. Bailey furthermore 
points out that while a dewlap does occur 
sporadically in other genera, it is not a 
generalized iguanid character, and should 
be considered a specialization. 

Smith (1942) has made a similar argu- 
ment in his discussion of the Central 
American snake genus Adelphicos, in 
which a number of morphological gra- 
dients exist with their extremes in the 
same or closely related species. One char- 
acter concerns the size of the chin-shields 
and the third infra-orbital scale. In sev- 
eral species the chin-shields are so tre- 
mendously enlarged that the third infra- 
labials are strikingly reduced in size. As 
this condition departs radically from that 
found in other genera of the same family, 
he concludes that the character is spe- 
cialized and that in this genus the smaller 
the chin-shields, the more primitive the 
species. 

Clark (1944) points out that the hemi- 
penes of snakes of the subspecies Coluber 
constrictor constrictor lack spines which 
those of all other subspecies of C. constric- 
tor possess. In general a lack of spines is 
considered a primitive character and one 
might consider C. c. constrictor a relict, 
but Clark argues that it is a specialization 
representing a secondary loss, because 
spines normally occur not only in other 
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Fic. 9. The occurrence of specialists. A hy- 
pothetical phylogenetic tree consisting of 
three related families J, JJ, and JIJ; a number 
of genera represented by capital letters, and 
a series of species represented by Arabic 
numerals. In family J each genus has one or 
more members showing the same character. 
This character appears in no related families. 
Hence the family is specialized in reference to 
this character. 


races of this species but in the remaining 
species of the genus as well. He implies 
that if it were a primitive condition in the 
species C. constrictor one should expect to 
find a spineless condition in related taxo- 
nomic groups of comparable rank. But, as 
it does not occur in the other species of 
Coluber, the character must have evolved 
within the species C. constrictor alone. It 
is, therefore, a derived and specialized con- 
dition peculiar to this small taxonomic 
group. 

The reasoning which has led these 
authors to conclude that they were deal- 
ing with specializations can be followed 
with a hypothetical genealogical tree (Fig. 
9). In this diagram the Arabic numerals 
represent species, the capital letters gen- 
era, and the Roman numerals families. In 
genera A, B, and C of family J a morpho- 
logically isolated character appears in the 
three species represented by the figures in 
bold type. The character appears in family 
I only and not in family JJ or family J/I 
which are indicated as being related 
groups. This character, having evolved 
within the fabric of family J, is specialized. 
If it were primitive, a relict character, 
the same character or modification of it 
likely would occur in families 77 and JI] 
as well. However, it is specialized in one 
sense only; it is specialized with reference 
to its occurrence within the family as a 
unit and with reference to its absence in 
the two sister units of comparable rank. 
The sporadic appearance of the character 
in other groups need not negate this con- 
clusion. Sporadic occurrences may repre- 
sent parallelisms, a phenomenon discussed 
in the next section, especially if they oc- 
curred in species or groups which, on the 
basis of other criteria, can be shown to be 
derived rather than primitive. This prin- 
ciple of specialization can be stated as a 
criterion: If a morphologically isolated 
character is unique or appears only spo- 
radically in the derived forms of related 
groups of comparable rank, then the char- 
acter is specialized, and the form possess- 
ing the character is a specialist. 
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Principles of Parallelism 


The appearance of identical or nearly 
identical characters in related groups of 
organisms constitutes the phenomenon of 
parallelism. Inasmuch as parallelism may 
be used to determine the polarity of mor- 
pho-clines and to establish phyletic rela- 
tionships, a discussion of its nature seems 
essential. 

It is almost universally accepted that 
new species arise from pre-existing spe- 
cies. Whether this origin is through 
macromutation, isolation and subsequent 
gene drift in extremely small populations, 
hybridization, the escape of subspecies, or 
other modes is immaterial to the argu- 
ments presented below. The newly de- 
rived species will be extremely closely 
related to the initial species, and, as was 
pointed out in the discussion of the prin- 
ciple of similarity, this relationship is 
based upon a high percentage of genetic 
factors common to both. Sturtevant and 
Novitski (1941) have compared the chro- 
mosomal elements of various species of 
Drosophila. This work and a number 
of earlier studies is based on the occur- 
rence of selected mutant genes in dif- 
ferent species. Homologies between chro- 
mosomes have been established through 
the identity of these mutants. As Sturte- 
vant and Novitski and later Sturte- 
vant (1948) point out, only a relatively 
few mutant characters were involved, but 
the implications are that genes for which 
mutants are not known likewise have 
homologues in related species. There is a 
high probability that similar genes in re- 
lated species mutate in a similar fashion, 
and shape the development of similar 
phenotypes. If, now, two species are ex- 
posed to nearly identical environments, it 
is not illogical to assume that identical 
mutants will be selected over a period of 
time, and that this selection will result in 
an identical pattern of phenotypic modi- 
fication. If this sequence of changes can 
take place within two closely related spe- 
cies it could occur in a phyletic series of 
species much less closely related. If inter- 


venients are selected from two such phy- 
letic lines, it is apparent that two clines 
affecting the same character could be 
identified in two different phyletic series. 
Admittedly, such clines might be modi- 
fied by adjacent, divergent characters or 
by the secondary influence of genetic fac- 
tors not directly associated with the de- 
velopment of a particular character. For 
this reason two clines probably would 
never be strictly identical, but would re- 
semble each other sufficiently to be recog- 
nized as the phenotypic expressions of 
similar genetic complexes. In essence, 
however, the clines would be the same. 
The importance of this similarity lies in 
the relative positions of the extremes. 
Whenever two clines evolve in a similar 
fashion, the polarity of the clines will be 
similar. Blanchard (1923) has made use 
of this principle in establishing the phylo- 
genetic relationship between the two spe- 
cies of the American snake genus Virginia. 
He first demonstrated that the two forms 
intergrade, constituting a single species, 
and that the two subspecies V. valeriae 
valeriae and V. v. elegans differ from each 
other in clinous characters. 


1. V. v. valeriae has fewer subcaudal 
and ventral scales sex for sex than 
V. v. elegans. 

. V. v. valeriae is smaller than V. v. 
elegans. 

3. V. v. valeriae has 15 rows of scales, 

V. v. elegans has 17. 

4. V. v. valeriae has hardly a trace of 
keeling in its dorsal scales while V. v. 
elegans has an occasional keeled 
scale. 


No 


Similar trends and characters are known 
in other related genera in which larger 
numbers of species are involved. In these 
clines the primitive and derived extremes 
are known. Blanchard concluded that the 
direction of change in Virginia is the same 
as in these known clines and that while 
both subspecies are in the process of de- 
generative change from terrestrial to fos- 
sorial types, V. v. elegans is the more 
primitive and V. v. valeriae the more 
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degenerate; the latter is, in this case, 
derived. 

Smith and Laufe (1945) employed the 
same reasoning in their study of relation- 
ships within the Mexican snake genera 
Toluca and Conopsis. Of the seven species 
which occur in Toluca, one, T. amphis- 
ticha, lacks a dorso-median row of spots. 
It was clearly demonstrated on the basis 
of geographic distribution and other cli- 
nous characters that this pattern is a de- 
rived condition and that the presence of 
a well-developed row of spots, as occurs 
in T. conica and T. megalodon, is primi- 
tive. There is, however, a well-defined 
morpho-cline with these forms represent- 
ing the extremes. Smith and Laufe point 
out that in the closely related, and pos- 
sibly congeneric, Conopsis, one of the two 
species, C. nasus, possesses a large median 
row of dorsal blotches while the other 
species, C. biseriatus, lacks it. By com- 
parison with the trend in the genus To- 
luca, which was easier to analyse because 
of the larger number of species, they con- 
clude that the direction of change in Co- 
nopsis is the same as that in Toluca, and 
that C. nasus is primitive and C. biseriatus 
derived. 

This principle involving the direction of 
change in two parallel morpho-clines may 
be stated as a criterion: Jf the same 
morpho-cline appears in two related 
groups the direction of change of the 
clines in both groups is identical. 

The principle of parallelism has been 
used repeatedly, but a number of taxon- 
omists have been forced to go a step 
further to account for the appearance of 
similar characters in distantly related 
forms. A few of the more recent studies 
of this nature might be cited. Michener 
(1949) in his study of parallel evolution in 
the saturnid moths points out the high 
frequency of identical derived extremes, 
many of which appear in subfamilies 
widely separated geographically. Wood 
(1947), after many years of work on the 
paleontology of rodents, has concluded 
that identical clines appear in the higher 


ranks of rodents, and that these clines 
frequently appear at different times or 
in widely separated geographical areas. 
Later (1950), he develops this hypothesis 
in still greater detail to account for the 
distribution and evolution of modern por- 
cupines. A. Williams indicated in an ad- 
dress delivered before the Society for the 
Study of Evolution in 1949 that a num- 
ber of clines leading towards identical 
derived extremes appeared in strapheo- 
dontid brachiopods. The clines were fre- 
quently of different duration; the changes 
were accelerated in some lines and re- 
tarded in others; but the intervenients in 
the various lines occurred at relatively 
similar intervals. Williams made no at- 
tempt to account for this phenomenon but 
presented strong evidence for its occur- 
rence. Current studies by many workers 
are disclosing more and more evidence to 
indicate that identical temporal clines 
have made their appearance in various 
groups and that frequently these identi- 
cal clines have appeared in groups be- 
tween which an exchange of genetic fac- 
tors is no longer possible, because of either 
biological, geographical, or temporal isola- 
tion. This criterion may be formulated: 
Related forms possess the potentiality for 
the development of identical clines, and 
under similar environmental conditions 
identical clines may develop at different 
times or in separate geographical areas. 


Paradromism and Multiprotoformity 


Evolution usually involves the simul- 
taneous modification of a number of char- 
acters. Although some characters may 
change more rapidly than others, over a 
long period the gross effect of evolution 
is a composite change. During such evo- 
lutionary changes various phyletic lines 
diverge. This divergence will perforce in- 
volve a segregation of the chrono-clines 
present. Some clines will pass impercepti- 
bly from the prototype into the derived 
series where they remain identical by 
changing in the same direction, and result 
in identical or nearly identical derived ex- 
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tremes. Occasionally, following the initial 
divergence of two phyletic lines, one may 
encounter an environment which will not 
tolerate the expression of mutants neces- 
sary for the continued development of the 
cline. An intervenient of such a cline may 
remain static for long periods. Subse- 
quently the environment might again 
shift, permitting the interrupted sequence 
of changes to continue. This sequence, 
appearing much later in time, will never- 
theless be identical to the uninterrupted 
cline of the alternate phyletic series. It 
is considered possible, then, that com- 
plexes of clines persist through the diver- 
gence of newly evolved taxonomic cate- 
gories and remain identical thereafter. 
Even if a cline should pause in its evolu- 
tion and then continue subsequent to the 
isolation of the new group within which 
it occurs, its direction and identity will 
coincide with clines of similar characters 
in related groups. The divergence of phy- 
letic series may be followed by the com- 
plete cessation of various clines in each 
series. In this event the prototypic series 
will share with each derived series a num- 
ber of clines which are not mutually 
shared by the derived series. These clines 
are of problematic value in establish- 
ing taxonomic relationships because the 
missing clines in either series may sub- 
sequently reappear and resume their 
orderly phyletic changes, resulting in de- 
rived extremes identical to those which 
have already evolved in the divergent 
stocks. 

New clines usually appear at the time 
of the divergence of phyletic series or 
soon after. These clines, in contrast to 
those with antecedents in the prototype, 
are of considerable taxonomic significance 
because they are of more certain diagnos- 
tic val:.e. But the polarity of these clines 
which have no antecedents is often diffi- 
cult to determine. This difficulty is espe- 
cially acute in morpho-clines, if many of 
the primitive intervenients are lacking, 
because this leaves only an isolated frag- 
ment of a cline showing no affinity with 


characters or morpho-clines occurring in 
related groups. If the principles discussed 
under the heading of identical clines are 
valid, it follows that whenever a chrono- 
cline is initiated, its subsequent develop- 
ment will be simultaneous with that of 
unrelated clines in the same phyletic 
series. In other words, the new cline will 
parallel the pre-existing clines. Further- 
more, the direction of change in two such 
paradromic clines will be the same. 

Oliver (1948) in his study of the Neo- 
tropical tree snakes of the genus Thaler- 
ophus concluded from consideration of a 
number of characters which formed mor- 
pho-clines, that 7’. depressirostris was the 
most primitive member. This species pos- 
sesses endpoints which most closely ap- 
proach a generalized condition typical of 
several closely related genera. This is an 
example of the use of the first principle of 
divergence. But Oliver thereupon (p. 261) 
carefully states that “In so far as can be 
determined without detailed genetic analy- 
sis, most of the evolutionary trends indi- 
cated for the characters considered in the 
preceding section vary independently of 
the trend for any other character. Still, a 
number of these trends may be distrib- 
uted geographically in a parallel manner 
and thus facilitate the determination of 
phylogenetic lines.””’ While Oliver prima- 
rily used zoogeographic criteria in de- 
termining relationships he recognized the 
occurrence of paradromism and used it in 
determining phylogenies. 

Smith (1942), however, makes a much 
more specific use of this principle in his 
discussion of the genus Adelphicos which 
has already furnished an illustration of 
the principle of specialization. In this Cen- 
tral American snake genus the chin-shields 
tend to become tremendously enlarged. 
Smith showed this to be a specialization, 
with large chin-shields representing the 
derived extreme of this morpho-cline. But 
Smith points out that there are within 
this genus other trends which involve: 


1. A reduction in the size of the third 
infra-labial scale. 





SYSTEMATIC ZOOLOGY 





. An increase in the number of pala- 

tine and pterygoid teeth. 

. A reduction in the number of hemi- 

penial spines. 

. A reduction in the number of ven- 

tral and subcaudal scales. 

. A loss of pigment on the belly. 

. A restriction of pigment of the sub- 
caudal region to a midventral line. 

. A shortening and broadening of the 
frontal plate of the crown. 

8. A general decrease in size. 





7 
( 


Most of these characters are unrelated 
to the condition of the chin-shields and 
yet all of these morpho-clines are para- 
dromic to each other. Furthermore, they 
are paradromic to the morpho-cline con- 
cerned with the enlargement of the chin- 
shields. Smith concluded that the primi- 
tive extremes of these clines are those 
extremes which appear in species with 
unmodified chin-shields. He has, in effect, 
determined the polarity of one morpho- 
cline and then assumes that the direction 
of change in all paradromic clines is the 
same. 

A striking example of this use of the 
principle of paradromism can be found in 
Dunn’s monograph (1942) of the Ameri- 
can coecilian amphibians. Here Dunn 
(p. 440) categorically stated that “A prim- 
itive coecilian should, theoretically, have 
the following characteristics.” He then 
lists 13 characters, but gives no specific 
reasons here as to why he considers these 
characters as primitive. But in the text 
of his monograph it becomes apparent 
that these characters form the endpoints 
of morpho-clines. Furthermore, most of 
the characters listed are similar to those 
found in the more generalized Caudata; 
for example, the presence of “a definite 
tail,” “teeth of any given tooth row uni- 
form in size’; “eye well developed and in 
an open orbit.” He established the polar- 
ity of a number of morpho-clines by in- 
voking the first principle of divergence. 
The polarity of the remaining morpho- 
clines was determined by the principle of 
paradromism. One of the latter morpho- 


clines is of particular interest. Superficial 
annular grooves occur in coecilians, mark- 
ing the boundaries of the body segments. 
These grooves, called primaries, are com- 
parable anatomically to the costal grooves 
of salamanders. But in coecilians second- 
ary grooves, never present in salamanders, 
may also occur. These range in number 
from none to as many secondaries as 
there are primaries, forming a clear gra- 
dient. If recourse were made to the prin- 
ciple of divergence alone it might be con- 
cluded that a lack of secondaries was the 
primitive extreme of this morpho-cline. 
But Dunn points out that there is a full 
complement of secondaries only in those 
species in which also occur the primitive 
extremes of the morpho-clines listed 
above. He concluded that the primitive 
extreme of this morpho-cline is the pres- 
ence of a full complement of secondaries, 
that lack of secondaries is derived. 
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Fic. 10. Paradromism. Series 1 depicts four 
taxonomic categories arranged according to 
the known morpho-cline WXYZ. Paradromic 
to this morpho-cline is an unknown cline 
ABCD. Series 2 represents the correct ar- 
rangement of the morphocline from the primi- 
tive extreme, Z’, to the derived extreme, W’, 
as it is found in a related group. Series 3 
then represents the correct arrangement of 
the morphocline found in series 1; D is primi- 
tive and A derived. 
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These examples fit a common pattern 
which may be diagrammed. In Figure 10, 
series 1, there are two paradromic mor- 
pho-clines. Cline ABCD is in this instance 
unfamiliar to the taxonomist. Cline 
WXYZ is a familiar cline which appears 
in several phyletic series. In series 2 it 
has been established from other criteria 
that the primitive extreme of the cline 
W’X’Y’Z’ is Z’. The direction of change 
should, therefore, be indicated by desig- 
nating the cline as Z’Y’X’W’. But this 
cline is identical to the one appearing in 
series 1, hence the direction of change of 
the cline in series 1, according to the prin- 
ciple of identity, is also ZYXW, the primi- 
tive extreme being Z. According to the 
principle of paradromic clines the primi- 
tive extreme of cline ABCD is D, not A, 
and the cline should be arranged as in 
series 3, extending from the primitive 
extreme D through various intervenients 
to the derived extreme A. This principle 
of paradromism may be formally stated: 
If an unknown cline is paradromic to a 
known one the direction of change in the 
unknown cline is the same as that of the 
known. 

The simultaneous study of many more 
than two clines in a group of organisms 
is frequently possible. If the direction of 
change of one cline can be established, 
then, using the principles of paradromism 
and parallelism, the polarity of the others 
can be determined. Many clines will be 
incomplete and many others will be ex- 
hibited in but a few of the species, yet 
it will generally be true that the primi- 
tive extremes of the various clines will 
occur in the same species. In some clines 
the primitive extremes will simply be 
static phases in which the changes appar- 
ent in the more advanced members of the 
group have not begun. This principle is 
so frequently used that it practically 
amounts to an axiom. Bailey (1928) found 
that a number of paradromic morpho- 
clines occur in the American lizard genus 
Ctenosaura. The primitive extremes of 
all of these occur in C. acanthura. Then, 
partly on this basis and partly on its zoo- 


geographic position, he concluded that it 
is the most primitive species in the genus. 
Smith (1942) suggested that in the Cen- 
tral American snake genus Adelphicos, A. 
veraepacis veraepacis, and other forms 
which similarly exhibit the greatest num- 
ber of primitive extremes, should be con- 
sidered the most primitive members. This 
principle may be stated in the form of a 
criterion: If two or more clines occur 
in a number of forms, that form which 
has the greatest number of primitive ez- 
tremes is the most primitive. 


Antipodal Characters 


If it is valid to identify chrono- and 
morpho-clines, then a morpho-cline al- 
though represented only by its extremes 
may be treated as a cline. Hence, most 
of the criteria applied to clines apply 
equally to antipodal characters. The 
analysis of twe pairs of antipodal char- 
acters is a common taxonomic problem. 
For example, if the intervenients of two 
paradromic clines are lacking and only 
galaxies of extremes are available, the 
forms are easily classified, but the inter- 
pretation of their phyletic relationships is 
difficult. In Figure 11 eight species are 
shown which exhibit the extremes and 
near-extreme intervenients of a morpho- 
cline A-N. These species may be arranged 
into two contrasting groups, ABCD and 
KLMN, which most taxonomists would 
consider natural groups. The extremes of 
another cline, Q-Z, are also present (see 
Fig. 12). This cline is a familiar one, and 
has proved of value in determining generic 
relationships in related organisms. If the 
extremes of cline A-N are used in an anti- 
podal arrangement of the forms, the ex- 
tremes of cline Q-Z segregate, as shown 
in Figure 12, into two unnatural groups, 
QRWX and STYZ. If, on the other hand, 
the latter cline is used in establishing re- 
lationship, an arrangement as depicted in 
Figure 13 is derived. But now the first 
cline is disrupted into the apparently un- 
natural groups ABKL and CDMN. The 
only alternative arrangement is the erec- 
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Fics. 11-14. The arrangement of taxonomic 
categories on the basis of two sets of antipodal 
characters. Eight species exhibit portions of 
two paradromic clines, A-N and Q-Z. On the 
basis of the A-—N cline alone the species fall 
into two natural groups (Fig. 11). With this 
arrangement, however, the grouping of the 
Q-Z characters is unnatural (Fig. 12). On the 
other hand the characters of the A-N cline 
fall into unnatural groups if the Q-Z char- 
acters are ordered (Fig. 13). All eight species 
will fall into four pairs in which the group- 
ings of both sets of characters are natural 
(Fig. 14). 


tion of four groups of equal rank in which 
the extremes of each cline are segregated 
in an orderly way (Fig. 14). 

This complex could have arisen in two 
ways. The prototype of all four forms 
might have given rise to four separate 
phyletic series within each of which the 
two characters evolved independently but 
in a parallel fashion. Or a dichotomous di- 
vergence affecting only one character 
might have occurred, followed by another 
dichotomy within each phyletic line. 
Which chrono-cline appeared first, or did 
they arise simultaneously? Two antipodal 
characters alone do not provide an answer. 
But if additional paradromic clines are 
analyzed, it is often possible to ascertain 
the presence or absence of dichotomy and 
the chronological order in which the vari- 
ous chrono-clines arose. Thus did Noble 


(1922) conclude that the loss of teeth in 
anuran amphibians was a derived char- 
acter. 

Multiple divergence of one prototype 
into a large series of phyletic lines occurs 
rarely, if at all, to judge from both zoo- 
geographic and morphological criteria. 
What may appear as radial evolution may 
actually be a condensation of sequential 
dichotomies, trichotomies, or other simple 
divisions. Groups of independent chrono- 
clines are presumed to characterize the 
initial line. If only two groups of para- 
dromic clines appear subsequently, the 
divergence must have been dichotomous. 
Even if these divergent paradromic fasces 
of chrono-clines are represented by a 
series of escapes, a dichotomy of groups of 
discontinuous paradromic morpho-clines 
would still be apparent. Should isolated 
but identical characters appear in these 
two divergent groups, they must repre- 
sent parallelisms which originated subse- 
quent to the initial dichotomy. The more 
frequent the appearance of such parallel- 
isms the more difficult it is to decide 
whether the characters are derived or 
primitive. The difficulty is increased when 
the paradromic morpho-clines are poorly 
defined. 

Occasionally phyletic relations can be 
determined for a complex of species in 
which the extremes of only two clines are 
available. This may be seen in Clark’s 
analysis (1944) of two morpho-clines in 
the hemipenial structure of snakes. In 
one the primitive extreme is represented 
by an organ ornamented proximally with 
flounces. The derived condition is repre- 
sented by an organ in which this orna- 
mentation is replaced by spines. The 
second morpho-cline involves the conver- 
sion of a primitively forked sulcus sper- 
maticus to an unforked one. Various 
combinations of these extremes occur in 
specialized families of snakes. The prob- 
lem was to decide which cline appeared 
first, for then whichever group exhibited 
the primitive extreme of the earlier cline 
would be the most primitive. It happens 
that only three of the four possible combi- 
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nations of the antipodal extremes of these 
two clines are realized. These are spinous, 
unforked; spinous, forked; and flounced, 
forked. The flounced, unforked class is 
lacking. Clark concluded, then, that the 
earlier cline was that concerned with the 
replacement of flounces by spines. On this 
basis the Xenodontinae with forked hemi- 
penes which are spinous at the base would 
be the most primitive subfamily of the 
Colubridae. 

This reasoning may be represented dia- 
grammatically. Figure 15 shows a com- 
plex of six species in which the extremes 
or near-extremes of two clines are dis- 
tributed at random. The species can be 
arranged as in Figure 16, using the ex- 
tremes of the morpho-cline “plus” to “bar” 
to segregate two groups of species. On the 
other hand, the extremes of the morpho- 
cline “square” to “triangle” can be used 
to segregate two groups, in which the ex- 
tremes of the cline “plus” to “bar” are 
randomly distributed (Fig. 17). In either 
arrangement the groups are of unequal 
size, one group being 100 per cent larger 
than the other. This is a clue to the pos- 
sible number of classes in the complex. 
It has been seen previously that in the 
consideration of the extremes of only two 
clines, four classes can be recognized 
(Fig. 14). Here, however, only three 
classes are present. This can be seen by 
arranging the extremes of the two clines 
in a checkerboard graph (Fig. 18). The 
class in which the extremes “triangle” 
and “bar” should be associated is missing. 
If, now, the direction of change in the 
two morpho-clines is known, it should be 
possible to construct by extrapolation a 
phyletic diagram of the group. The start- 
ing point will be, according to the prin- 
ciple of multiprotoformity, that species in 
which the primitive extremes of both 
clines are present (Fig. 19). Two lines 
diverged from this species, in one of which 
the chrono-cline “bar” to “plus” never 
expressed itself. In this line the existent 
species represent escapes which have re- 
mained in an environment with which 
they are in equilibrium with respect to 
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Fics. 15-17. The arrangement of taxonomic 
categories on the basis of two sets of antipodal 
characters. A series of six species exhibits 
the apparently random associations of ex- 
tremes and near-extreme intervenients of the 
clines “plus” to “bar” and “square” to “tri- 
angle” (Fig. 15). Whether arranged on the 
basis of the “plus” to “bar” cline (Fig. 16) or 
“square” to “triangle” (Fig. 17) the species 
fall into two groupings of unequal size. 

Fic. 18. Checkerboard graph of the classes 
found in the series of forms depicted in Fig. 
15 which shows that one class, bar-triangle, is 
missing. 

Fic. 19. A possible phylogeny for ihe species 
of Fig. 17. 


both the “bar” and “square” clines. The 
other series is immediately exposed to an 
environment which will not tolerate the 
expression of the character “bar” and it 
becomes modified towards “plus.” There- 
after all descendants of this line will show 
varying degrees of modification of this 
character and will form a natural group. 
But environmental conditions are soon 
encountered which will not tolerate the 
primitive condition “square.” There is 
a second divergence with one line escap- 
ing into an environment which will toler- 
ate “square” but not “bar.” The other line 
remains exposed to the selective action of 
the altered environment in which both 
“square” and “bar” are intolerable, result- 
ing finally in a class having the derived 
extremes, “plus” and “triangle.” No other 
phyletic diagram can be constructed from 
the data unless it is assumed that the class 
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“bar’-“triangle’ did evolve but subse- 
quently became extinct. The probability 
is good that this analysis is correct, but 
this kind of analysis is possible only when 
the missing class possesses the derived 
extreme of one ¢line and the primitive 
extreme of the other. This type of analy- 
sis is only rarely applicable. Furthermore, 
the same conclusion can often be reached 
by using the principle of paradromic clines 
and analyzing morpho-clines in which 
adequate intervenients are present. 

Convergence was mentioned earlier but 
without any solution of the problems in- 
volved. The term convergence as used 
in this paper refers to the appearance in 
two or more taxonomic categories of iden- 
tical or nearly identical characters which 
are derived phylogenetically from differ- 
ent prototypes. Convergent characters, 
no matter how dramatic and conspicuous, 
can be ignored if they appear in relatively 
few members of two taxonomic groups. 
Relationships can be worked out on the 
basis of paradromic characters or morpho- 
clines. The same procedure may be em- 
ployed where convergence affects only 
one organ. But occasionally two different 
species converge in so many characters 
that their differences long go unrecog- 
nized. This is especially true if the con- 
vergent forms are phylogenetically iso- 
lated, but even here analysis of less super- 
ficial characters usually reveals their true 
identity. The lesson to be drawn from 
this discussion of convergence is never to 
rely on too few characters in working out 
relationships. 

Although morpho-clines were treated as 
characters in the discussion of the prin- 
ciple of precurrence, they are usually of 
little taxonomic value because they fre- 
quently occur in only a few members of 
a group. A morpho-cline listed as a diag- 
nostic feature of a group would hardly 
assist in determining the taxonomic posi- 
tion of a new form which did not ex- 
hibit any intervenient of this particular 
morpho-cline. But occasionally morpho- 
clines are of real value when used as char- 
acters. An expression comparable to the 


following frequently appears in the litera- 
ture: “Group A in contrast to group B 
has a tendency or trend towards the de- 
velopment of character X.” Here the 
principle of heterochronic parallelism is 
subconsciously invoked. Character X does 
not appear in every form but the poten- 
tiality for its development is assumed to 
be inherent in all members of the group. 
The character used is not the presence of 
a particular structure but the presence of 
certain genetic factors which are capable 
under the proper circumstances of pro- 
ducing a particular sort of phenotype. 

Morpho-clines could be more frequently 
employed with profit in the description of 
various groups. Trends are often reluc- 
tantly omitted from the diagnosis of a 
taxonomic category because manifesta- 
tions of these trends do not occur in all 
members of the group. But a series of 
overlapping clines could give as accurate 
a diagnostic description of a group as a 
diagnosis relying only upon those char- 
acters and intervenients of clines which 
appear in every member of a group. 

The problem of allocating annectent 
groups or forms to their proper taxonomic 
categories is frequently encountered. An- 
nectent forms are almost invariably primi- 
tive in a number of characters. Further- 
more, these characters frequently consti- 
tute the primitive extremes of clines 
which do not run through all members of 
either of the groups to which the annec- 
tent might be allocated. If clines are used 
in the description of these groups the 
position of the annectent form can often 
be determined. It is possible that an 
annectent form might not typically dis- 
play any of the diagnostic characters used 
in the formal description of a group, yet 
its position could be definitely established 
by the use of clines. 


Summary 


Some of the principles employed in de- 
termining phylogenetic relationships from 
morphological evidence have been de- 
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scribed in this paper, and formulated into 
criteria. In summary these are: 


1. Principle of similarity. Similar or- 
ganisms are related. 

2. Principle of identity. Morpho-clines 
are partially or entirely identical to 
the chrono-clines from which’ they 
are derived. 

3. Principles of divergence. 

a. If one extreme of a morpho-cline 
resembles a condition found in the 
less modified members of related 
groups of the same rank, this ex- 
treme is primitive. 

b. If two or more morpho-clines ap- 
pear in different groups of organ- 
isms, and an extreme of each mor- 
pho-cline occurs in the same taxo- 
nomic unit; then these extremes 
are the primitive extremes. 

c. If two extremes of two clines are 
identical and are found in the 
same taxonomic unit, the identical 
extremes are primitive and the 
dissimilar extremes are derived. 

4. Principle of precurrence. If an inter- 
venient of any cline is identical to an 
extreme of another, then the first 
cline is primitive and the inter- 
venient which forms an extreme of 
the second cline is its primitive ex- 
treme. 

5. Principle of relicts. If a morphologi- 
cally isolated character which occurs 
in one member of a group of related 
forms also appears in the primitive 
members of closely related groups of 
comparable rank, then the character 
under consideration is primitive and 
the form possessing it is a relict. 

6. Principle of specialists. If a morpho- 
logically isolated character is unique 
or appears only sporadically in the 
derived forms of related groups of 
comparable rank, then the character 
is specialized and the form possess- 
ing the character is a specialist. 

7. Principle of parallelism. If the same 
morpho-cline appears in two related 


groups the direction of change of the 
clines in both groups is identical. 

8. Principle of heterochronic parallel- 
ism. Related forms possess the po- 
tentiality for the development of 
identical clines, and under similar 
environmental conditions identical 
clines may develop at different times 
or in separate geographical areas. 

9. Principle of paradromism. If an un- 
known cline is paradromic to a 
known one, the direction of change 
in the unknown cline is the same as 
that in the known. 

10. Principle of multiprotoformity. If 
two or more clines occur in a num- 
ber of forms, that form which has the 
greatest number of primitive ex- 
tremes is the most primitive. 
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Introducing the Editor 


HE task of the editor of a new scien- 

tific journal is not an easy one. The 
Council of the Society of Systematic Zool- 
ogy realized this when it was confronted 
with the necessity of finding a suitable 
successor for this office to Dr. R. E. Black- 
welder, our esteemed secretary-treasurer, 
who consented to serve as editor pro tem 
notwithstanding the heavy burden thus 
added to his other work, and who deserves 
the sincere thanks of all members of the 
Society for the labor he took in preparing 
the first issue of SYSTEMATIC ZOOLOGY. 

Dr. John L. Brooks who is succeeding 
Blackwelder does not have to bring the 
newborn infant into the world, but has, 
so to speak, to put it on its feet and to 
watch its first steps and to help it to grow 
strong, attractive, and successful. He 
brings with him extensive zoological train- 
ing under excellent teachers, a broad out- 
look, considerable experience in teaching 
and research, and youthful enthusiasm 
for the work with which he has been en- 
trusted by the Council. He received his 
Ph.D. degree from Yale University in 1946 
for his work on Cyclomorphosis in Daph- 
nia, published in Ecological Monographs 
and representing an excellent and patient 
investigation. In the same year he was 
appointed Instructor in Zoology at Yale. 
In 1948 he was appointed under the Ful- 
bright Act to serve as Visiting Professor 
of Zoology at the Rangoon University in 
Burma, not only to teach there inverte- 
brate zoology, but also to initiate a pro- 
gram of research in fresh-water biology of 
the country. The outbreak of civil war in 
Burma curtailed his activities there and 


he returned to Yale as Assistant Professor 
of Zoology, in which capacity he is serv- 
ing at present. 

As an ecologist Dr. Brooks has to know 
a great deal about the classification of ani- 
mals and is quite familiar with many 
groups of invertebrates. He recently wrote 
the sequence and narration for an educa- 
tional color film, Life along a Waterway 
to be released by Encyclopedia Britannica 
Films. He has eleven published papers to 
his credit, one of them a review of specia- 
tion in ancient lakes and two re-describ- 
ing the type collections (1890-1891) from 
which S. A. Forbes named four species 
and one subspecies of Daphnia. A long 
paper on the taxonomy and distribution 
of the species of Daphnia found in North 
America is nearing its completion and is 
scheduled to be published by the Con- 
necticut Academy of Arts and Sciences 
in the near future. He has also under- 
taken to revise the chapter on Cladocera 
for a new edition of Ward and Whipple’s 
Freshwater Biology, a standard reference 
book and source of information for many 
years past, familiar to all zoologists in the 
United States and well known in Europe. 
At his present age of thirty-two years Dr. 
Brooks has already an enviable past and a 
promising future. 

As a friend of his, familiar with his prog- 
ress since his days as an undergraduate 
at Yale, I feel confident that his selection 
as editor of SysTeEMATIC ZooLoGy bodes 
well for the future of the journal and 


wish him success in this responsible 
position. 


ALEXANDER PETRUNKEVITCH 




















Fics. 1-8. Some of the morphological features of taxonomic value in the class Eoacantho- 
cephala. 


Fics. 1-2. General morphology of males. 1, Neoechinorhynchus australis Van Cleave 
(order Neoacanthocephala). 2, Acanthosentis dattai Podder (order Gyracanthocephala). 

Fics. 3-5. Three different species of Neoechinorhynchus showing uniform arrangement 
and number of proboscis hooks as six diagonal rows of three hooks each (compare Fig. 17). 
Specific diversity in size of proboscis and its hooks is apparent as all figures are drawn at the 
same magnification. 3, N. cristatus Lynch. 4, N. saginatus Van Cleave and Bangham. 5, N. 
crassus Van Cleave. 


Fic. 6. The proboscis of Octospinifer torosus Van Cleave and Haderlie, with eight spiral 
rows of three hooks each. 


Fic. 7. The proboscis of Paulisentis fractus Van Cleave and Bangham, with six diagonal 
rows of five hooks each. 

Fic. 8. The proboscis and a portion of the spined trunk of Pallisentis sp. (order Gyra- 
canthocephala), showing six diagonal rows of four hooks each on the proboscis. 

Symbols: NI-NV, giant nuclei of the subcuticula; L1, uninucleate lemniscus; L2, binu- 
cleate lemniscus; 7A and 7P, anterior and posterior testes; CG, syncytial cement gland; R, 
cement reservoir; B, introverted copulatory bursa. 
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Speciation and Formation of Genera 


in Acanthocephala 


HERE has been no direct attempt in 

the literature to explain how condi- 
tions of individual variability found in 
the present-day Acanthocephala may be 
related to speciation and the origin of 
higher taxonomic categories in this phy- 
lum. Not all of the available evidence 
points in a single direction, hence some 
investigators may have felt that there is 
no direct observational evidence to sup- 
port any explanation of how diversifica- 
tion has been accomplished in this group 
of obligatory parasites. In the present 
paper an attempt will be made to show 
how mutation, natural selection, and iso- 
lation may operate in furnishing the bases 
for establishing new species and higher 
taxonomic categories. 


Phylogeny 


Paleontological records are wholly lack- 
ing for the Acanthocephala. This means 
that speculation regarding the origin of 
the phylum, as well as of all the taxo- 
nomic categories, must rest upon com- 
parisons among present-day forms. These 
comparisons are largely restricted to 
host adaptations and anatomical features. 
Since no free-living relative of the Acan- 
thocephala is recognized, there is no way 
of tracing direct phylogenetic relations 
with any free-living ancestors. However, 
since all species are parasitic throughout 
their entire existence and show no trace 
of a digestive tract at any stage of on- 
togeny, the phylum may have had its 
origin in some group of worms in which 
absolute parasitism had already become 
the established mode of life. The only 
living group that could satisfy this re- 
quirement is the Cestoda. Unfortunately, 
many facts of anatomy and ontogeny 
seem to deny the possibility of relation- 
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ship between the two groups as they now 
exist. If this view is to be advanced it is 
necessary to postulate that Cestoda and 
Acanthocephala arose from a common an- 
cestral stem from which each has di- 
verged considerably. 

All Acanthocephala, so far as life his- 
tories are known, occur as adults in the 
intestine of a vertebrate after having un- 
dergone larval development in the body 
of an arthropod. Both of these hosts are 
absolutely indispensable for normal de- 
velopment, and in some species one or 
more additional intermediate hosts may 
be intercalated. The invariable occur- 
rence of arthropod and vertebrate hosts 
makes it appear that both are equally 
essential. There is no conclusive evidence 
to indicate whether two or more hosts 
were distinctive for the worms’ ancestors 
or whether hosts have been added in a 
progressive diversification of the life cy- 
cle. Some investigators have suggested 
that the vertebrate was the original host 
and that the arthropod was acquired later. 
But it could be maintained equally well 
that the acanthocephalans originally be- 
came mature in arthropods and that the 
vertebrate host was added when a verte- 
brate ingested an arthropod carrying im- 
mature acanthocephalans. 

The simplest known acanthocephalans 
live in the intestine of fishes, and many 
of the most highly specialized parasitize 
birds and mammals. From this it is fre- 
quently concluded that Acanthocephala 
were parasites of the earliest fishes and 
that they have evolved along with their 
vertebrate hosts. If this is correct, the 
members of this phylum have been ex- 
periencing evolutionary changes, both 
progressive and regressive, since Silurian 
times or earlier, so that the most primi- 
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tive forms of today need have no resem- 
blance to their progenitors. However, it 
is evident that some relatively primitive 
genera and species have become second- 
arily adapted as parasites in higher ver- 
tebrates. In this, as in all matters pertain- 
ing to host-parasite relationships within 
this phylum, similarity of habitat and of 
food habits are as effective as close phylo- 
genetic relationship between hosts in de- 
termining the suitability of individual 
species as hosts. For example, although 
nearly all reptiles are free of adult Acan- 
thocephala, fresh-water turtles in North 
America have acquired a species of the 
genus Neoechinorhynchus, all other rep- 
resentatives of which are normally para- 
sitic in fish. Habitat of the hosts is so 
important a factor that genera and spe- 
cies are rather clearly divided between 
those adapted to terrestrial hosts and the 
more primitive forms occurring almost 
exclusively in aquatic hosts. Thus, the 
Eoacanthocephala (see Table I) are ex- 
clusively aquatic, and the Archiacantho- 
cephala primarily terrestrial. The class 
Palaeacanthocephala includes _ species 
some of which are aquatic while others 
are terrestrial. 

The Eoacanthocephala seem, by all 
bases of comparison, to be the most primi- 
tive, and within this class the present- 
day forms may be arranged in a mor- 
phological series, which seems consistent 


except for the complete lack of distinctive 
genera and species in the cartilaginous 
fishes. There is little evidence that physi- 
ological adaptation to individual species 
of either intermediate or definitive host 
has been a significant factor in evolution 
within this phylum. 

Throughout its entire existence, the 
body of an acanthocephalan is never di- 
rectly exposed to the extreme changes of 
the external physical environment. The 
only exception to this is during the egg 
stage while the embryo is still inactive 
and is encapsulated by a complicated se- 
ries of resistant membranes. Then for a 
time the egg is exposed to the surround- 
ing water or to the soil and air, but the 
shells provide rather effective barriers to 
the passage of materials into or out of 
the egg. At all other times the bodies of 
the hosts filter and modify the conditions 
of their physical environment, providing 
for the parasite a relatively stable en- 
vironment. Extreme changes of tempera- 
ture or light, or in the nature of the sur- 
rounding medium, are all modified and 
stabilized through the screening effects 
of the body of the host. Moreover, in in- 
stances of extremely adverse changes in 
the environment, the host is able to move 
to more favorable conditions, benefiting 
the parasite at the same time that the 
life of the host is preserved. It would 
seem therefore that the relative con- 


TABLE I—THE MAJor Groups OF ACANTHOCEPHALA, WITH SOME ORDINAL CHARACTERISTICS 





NUCLEI OF SUB- 











MAJOR GROUPS NORMAL DEFINI- “GyticyLa AND TRUNK WALL OF PROBOS- 
TIVE HOSTS aseemanes SPINES CIS RECEPTACLE 
Class Eoacanthocephala 
Order Gyracanthocephala Fishes Giant nuclei Present Complete sac 
(few) with single 
muscular wall 
Order Neoacanthocephala Fishes (and Giant nuclei Lacking Complete sac 
turtles) (few) with single 
muscular wall 
Class Metacanthocephala 
Order Archiacanthocephala Mammals and Few or amitot- Lacking Single muscular 
birds ically frag- wall with a 
mented ventral cleft 
Order Palaeacanthocephala All vertebrate Numerous,ami- Present Complete sac of 
groups totically frag- or two muscular 
mented Lacking layers 
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stancy of the physical environmental con- 
ditions should in great measure elimi- 
nate the possibility of external physical 
conditions influencing the course of mor- 
phological changes in the bodies of the 
parasites. 


Difficulties of Classification 


Attempts at arranging the present-day 
representatives of the Acanthocephala in 
a phylogenetic sequence are made diffi- 
cult by the fact that there has been ex- 
tensive, independent evolutionary change 
within each of its subgroups. Further- 
more, the number of morphological fea- 
tures which are available for assessing 
relative values of likenesses and differ- 
ences between groups has been reduced 
in all acanthocephalans through the elim- 
ination of many of the organs distinc- 
tive of free-living animals and simplifica- 
tion of the remaining structures. All of 
this simplification has been in the direc- 
tion of more perfect adaptation to para- 
sitic life and does not constitute evidence 
of degeneracy. As a result of these proc- 
esses of simplification and adaptation 
forms of diverse origin may be brought 
into apparently close relationship, fur- 
nishing many examples of parallel and 
convergent evolution. Nevertheless, the 
writer did, in 1948, propose a reorganiza- 
tion of the major groupings within the 
phylum Acanthocephala which is given 
in Table I. (The proposal that the Aporo- 
rhynchidae be accorded separate ordinal 
status within the Metacanthocephala is 
unacceptable. Fundamental morphologi- 
cal conditions in this family represent 
simplifications of those found in the genus 
Mediorhynchus especially. Byrd and Den- 
ton, 1949, proposed a name for such an 
order, although previously Thapar, 1927, 
and Witenberg, 1932, had made a similar 
suggestion which has not been accepted 
by specialists in the field.) 

Among the various orders and families 
of the Acanthocephala there is no uni- 
formity in the nature of the characters 
readily available for recognition of gen- 
era and species (compare Figs. 5-7 with 


9-11). Many writers have erroneously as- 
sumed that a feature consistently demon- 
strable as specifically constant in one 
genus should be useful for separating spe- 
cies in another. In like manner, the char- 
acters available for generic distinctions in 
one family may have no significance for 
another. These observations indicate that 
the avenues of evolution have not been 
similar in the several subdivisions of this 
phylum. The fact that both specific and 
generic differences are unlike in the two 
classes seems to be directly associated 
with the limits of individual variability 
found in each of the four orders. These 
limits differ so widely that little can be 
said that would apply equally to all 
genera. 


Variation and Natural Selection 


Individual variation in certain char- 
acters is extremely limited in the Eoa- 
canthocephala (Table II). Specific char- 
acteristics are almost always limited to 
relative differences in gross body form 
and measurements for one or more of 
the three body divisions—proboscis, neck, 
and trunk; or they may be reflected in 
relative or absolute differences in the size 
and shape of such morphological details 
as the proboscis, its hooks, the lemnisci, 
the male organs, and the developing eggs 
within the gravid female (Figs. 1-8). 
Variations in numerical relations of such 
structures as the proboscis hooks (Figs. 
3-5), the lemnisci, and all other internal 
organs are practically nonexistent in most 
species. On rare occasions, specimens 
that are clearly abnormal make their 
appearance, although in Tanaorhamphus 
and Atactorhynchus the hooks of the pro- 
boscis are so irregularly disposed as to 
make accurate enumeration impossible. 
For all Eoacanthocephala, it seems im- 
possible to derive morphological features, 
such as are distinctive of the various 
genera within this class, by the operation 
of natural selection upon the low magni- 
tude of individual variations observable 
in most species of the present-day fauna. 

And parenthetically, while speaking of 
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TaBLE II—Prososcis ARMATURE IN SELECTED GENERA OF EOACANTHOCEPHALA 








NUMBER OF NUMBER OF 
GENUS DIAGONAL ROWS HOOKS IN EACH 
OF HOOKS 1 DIAGONAL ROW 
Order Neoacanthocephala 
Neoechinorhynchus (more than 20 species)... 6 3 
i eS Eee 8 3 
IN ig riers cao aa aeatiaiaea neat ea 12 3 
I anc hina ae 5.5 5d Galina NI AAR ae 6 5 
DN CLEOPR a 8 8-10 
Tanaorhamphus 2 
SII isa cecsctene doves herbenaemaenan 8-10 20 
GE Sng seca mies oeveassereeenes 10 32 
Order Gyracanthocephala 
EOE TE eT TC +f 5 
I lhc: Hares RAD aRE SER OR RR ROTS 6 4 
S| EOE CE ECCT TE eT 8 3 
nr arte mre ae 8 +f 
1See Fig. 17. 


2 Proboscis hooks not perfectly aligned in 


the natural selection of morphological 
changes which are taxonomically signifi- 
cant, we must remember that evolution- 
ary changes need not be linked with any 
taxonomic feature. When the extent of 
the operation of natural selection is meas- 
ured in terms of morphological change, 
only a single aspect of evolution is being 
considered. In the early stages of acan- 
thocephalan evolution it is possible that 
some of the most important and most 
rapid changes involved adjustments in the 
biochemical relationships between para- 
site and host. Consideration of only the 
morphological modifications thus ignores 
the very basis of host-parasite adaptation 
and host specificity. Improper evaluation 
of morphological characters in taxonomy 
has led many writers to emphasize the 
fact that morphological characters at the 
specific level are not adaptive. The more 
thoroughly the evolution in any group is 
understood, the more important become 
those ecological and physiological fea- 
tures which are not necessarily linked 
with any morphological distinctions. 
There has been extreme diversification 
of the Eoacanthocephala in America, 
along with the evolution of the fish fauna 
(Van Cleave, 1949; Van Cleave and Bang- 
ham, 1950). Not only have numerous 
species developed, but several distinctive 


rows. 


genera have been established. Although 
host specificity is not rigorously fixed in 
the Eoacanthocephala, it is probable that 
in many instances limitation to a single 
or to a few taxonomically or ecologically 
related definitive hosts has been an effec- 
tive factor in speciation. It further seems 
plausible that in these instances specia- 
tion is an accompaniment of isolation 
rather than the effect of a peculiar en- 
vironment provided by the specific con- 
ditions existing in the body of the host. 
When the effects of host and geographical 
isolation are combined, the opportunity 
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Fics. 9-11. Morphological features of the 
proboscis, showing specific differences within 
the genus Polymorphus (Palaeacanthoceph- 
ala). All drawings to the same scale. 9, P. 
botulus (Van Cleave). 10, P. trochus Van 


Cleave. 11, P. marilis Van Cleave. 
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for perpetuating new combinations of 
characters is greatly enhanced. This is 
particularly true for all Eoacanthocephala 
where exclusively bisexual reproduction 
and lack of extensive individual varia- 
tions have apparently resulted in a high 
degree of homozygosity. 

It is one purpose of this paper to show 
that geographical isolation of the hosts 
and isolation of the parasites within the 
hosts have probably operated on muta- 
tions to establish new genera in the Koa- 
canthocephala. In this class, if random 
individual variations are the basis on 
which natural selection operates, the lat- 
eral halves of the proboscis must be 
equally affected by any change since there 
is no case on record of a normal indi- 
vidual with an odd number of longitudi- 
nal or diagonal rows of proboscis hooks. 


Variability in Metacanthocephala 


In the class Metacanthocephala individ- 
ual variation in proboscis characters is 





often extreme, especially in the order 
Palaeacanthocephala (Table III). Here 
the magnitude of individual variation pre- 
sents conditions on which speciation 
might be explained. Furthermore, the 
features for expressing generic differences 
are often relative and hence both new spe- 
cies (Figs. 9-11) and new genera might 
come into being in this class through the 
operation of natural selection on inher- 
ently varying features. Any barrier to free 
interbreeding within a variable species 
may result in certain features becoming 
fixed in an isolated portion of the popula- 
tion. Geographical isolation, and any limit 
to the distribution of an essential host, 
constitute barriers which might isolate a 
part of the population of a variable spe- 
cies, resulting ultimately in the establish- 
ment of features which may be recognized 
as distinctive of a new species. In Lepto- 
rhynchoides thecatus there is a tendency 
for the specimens collected from Canadian 
hosts to show ranges in number of pro- 
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Fics. 12-15. Localized specialization of proboscis hooks in the Palaeacanthocephala. 12, 
Arthythmorhynchus frassoni (Molin, after Liihe), showing distinctive dorsoventral differ- 
entiation of hooks in a zone near the middle of the proboscis. 13, Corynosoma turbidum Van 
Cleave, illustrating how the spacing of a few enlarged ventral hooks disrupts the symmetry 
of hook arrangement. 14, Tegorhynchus pectinarius Van Cleave, with hooks of the dorsal rows 
(to the left), near base of proboscis, degenerate or lacking. This deformity does not occur in 
other representatives of this genus. 15, Filisoma bucerium Van Cleave, with a single median 
dorsal row of heavy, blunt hooks (to the right in the drawing). In other species of this genus 
the hooks of the median dorsal row are not different from those of adjacent rows. 
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boscis hooks and size of the hooks differ- 
ent from the normal range of conditions 
found in the same species taken in the 
United States (Lincicome and Van Cleave, 
1949). Apparently the northern portion 
of the population is beginning to estab- 
lish, through geographical isolation, fea- 
tures which might ultimately be used as 
the basis for recognizing a distinct species. 

There are some rigidly established mor- 
phological differences at all taxonomic 
levels within the class Metacanthocephala. 
Nevertheless, a feature which is constant 
within the species of one genus may be 
highly variable in another. But in spite 
of wide variance in the morphological fea- 
tures in this class, there are certain points 


wherein Metacanthocephala and Eoacan- 
thocephala are invariably distinguishable. 
The most important of these concern the 
cement glands of the males. All Eoa- 
canthocephala have a single syncytial ce- 
ment gland containing a relatively small 
number of giant nuclei and a single ce- 
ment reservoir (Fig. 16, A). In contrast, 
all Metacanthocephala invariably have a 
series of separate follicles and never have 
a cement reservoir. In the Archiacantho- 
cephala, eight uninucleate follicles are 
always present (Fig. 16, B), while in the 
Palaeacanthocephala the number of fol- 
licles may vary from two to eight, with 
six as the commonest number. However, 
more important than the number of fol- 


TABLE III—Progposcis ARMATURE IN SELECTED GENERA AND SPECIES OF 











METACANTHOCEPHALA 





GENUS AND SPECIES 


NUMBER OF 
LONGITUDINAL ROWS 
OF PROBOSCIS HOOKS 


NUMBER OF 
HOOKS IN EACH 
LONGITUDINAL ROW 





Order Archiacanthocephala 


Macracanthorhynchus 

DS veciwukierdacceneunss 6 (spiral) 6 

reo re ree errr 6 (spiral) 6 
Oncicola 1 

SINS fd tx ot sree boa ove arian a 6 (spiral) 6 

IS Sk ahi dip aimee ra oe ee a a 6 (spiral) 6 
Prosthenorchis 

A ee eee ere 6 (spiral) 6 
Moniliformis 

OE iso iva BEd awa rene wae as wo 12-14 9-12 

EE -dWla@hwi<euinme deve punensae macs 12-16 6-8 

Order Palaeacanthocephala 

Echinorhynchus 

SS ree rae args ar OPN re 14-22 10-14 

MED ai xitececien or aa raven eawnwees 16 9-12 
Acanthocephalus 

OE eRe ree ne ea er 12-20 4-6 

NE aan ceeds akthawed meee Da ei 12-16 7-9 
Polymorphus 

I Ss lh Saree Wis ah amine srs re 12-16 7-10 

NN aa gc a tas ance actrees al la ecialcat are 22 7-8 
Rhadinorhynchus 

I la aiagtig igi al ie Scat Wi cwiecani eve ara 14-16 26 

0 Ae eet peta tet ene 24-26 36-37 
Gorgorhynchus 

OE RET ee eI er ee 24 18 

ha nas vee tw acnialbs & kw dre mt eahee ae 20 14-16 
Centrorhynchus 

I archos ds ota ot eben iva uh crete ala iaie 30 15+ 

IN 9 ape'o'hd ia a sean eeea rete os 26-32 16-19 


1See Figs. 18, 19. 
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Fic. 16. Diagrammatic representation of the 
cement glands in the orders of Acantho- 
cephala. A, a single syncytial gland with a 
distinctly separate cement reservoir is char- 
acteristic of all Eoacanthocephala (both Neo- 
acanthocephala and Gyracanthocephala). B, 
eight separate, uninucleate follicles, each 
with its own duct, are found in all Archiacan- 
thocephala. C, a series of separate follicles 
(commonly six, but ranging from two to 
eight) occur in all Palaeacanthocephala. Each 
is composed of a cortical layer with numerous 
nuclear fragments. 


licles is the uniformity of their structure, 
for in all Palaeacanthocephala each fol- 
licle has an external cortical layer bear- 
ing a large number of nuclear fragments 
(Fig. 16, C). No matter how much the 
size and shape of the individual follicles 
may vary in the Metacanthocephala, there 
is never any intermediate condition of 
cytological details. 

Only relative morphological distinctions 
are commonly available for separating 
some genera of the Metacanthocephala. 
In the Archiacanthocephala of this class 
(Table III) there is a series of genera 
in which the hook formula within each 
genus is as consistent as it is in the Eoa- 
canthocephala, and the identical formula 
holds for a relatively large number of 
genera. This observation that many gen- 
era of Archiacanthocephala are based 
largely on relative characters tends to 
throw some doubt upon the objective va- 
lidity of certain of the genera. In marked 
contrast, within the class Eoacantho- 
cephala, most of the genera show some 


features which are expressible as numeri- 
cal differences (Table II). These distinc- 
tive features frequently concern the num- 
ber as well as the arrangement of the pro- 
boscis hooks (compare Figs. 3-5 with 6-7). 
These same features in the Palaeacantho- 
cephala are often highly variable both 
within species (Figs. 9-11) and within 
genera (Figs. 12-15). This makes the fact 
that they are rigidly predetermined in 
most species of the Eoacanthocephala and 
in many of the Archiacanthocephala seem 
particularly significant. Liihe (1912) was 
one of the first to direct attention to broad 
individual variation in his analysis of hook 
numbers, using members of the genus 
Acanthocephalus as the material for his 
study. Writers before his time had com- 
monly cited a single number of hooks for 
each species, as though hook number was 
invariable for each species in this phylum. 
More recently, it has been demonstrated 
that species of other palaeacanthocephalan 
genera (Table III) show variation in hook 
formulae comparable to, or even greater 
than, that described by Liihe for Acantho- 
cephalus ranae. 

In many species of Acanthocephala, 
there are no conspicuous differences be- 
tween the hooks on various parts of the 
proboscis. The proboscis has an essen- 
tially radial symmetry (Fig. 9) and in 
the simplest arrangement bears smaller 
or lighter hooks at the anterior and pos- 
terior ends of each longitudinal row (Fig. 
10). This presumably primitive pattern 
is not often encountered because some 
sort of further differentiation (Figs. 12-15) 
usually appears (Van Cleave, 1941). 
Since the number, specific arrangement, 
and relative sizes of the hooks are estab- 
lished in the infective larva, or cysta- 
canth, before the proboscis becomes func- 
tional, there does not seem to be any pos- 
sibility that these features could be 
modified during the life of the individual, 
through environmental or functional adap- 
tation. Among the most frequently en- 
countered differentiations is an increase 
in size of all hooks on the ventral surface 
(as in Aspersentis, Leptorhynchoides, and 
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Rhadinorhynchus) or the establishment 
of distinctive differences between the an- 
terior and posterior regions of the pro- 
boscis (as in Centrorhynchus and Medio- 
rhynchus). In a single recorded instance 
(Filisoma bucerium) all hooks of the 
entire median dorsal row are conspicu- 
ously different from all of the remaining 
series (Fig. 15). This condition is found 
in parasites of a species of Kyphosus in 
Pacific waters but the species of Filisoma 
occurring in a very closely related spe- 
cies of the same host genus in the Gulf 
of Mexico shows no modification in the 
median dorsal row of hooks. In the period 
since the Isthmus of Panama produced a 
barrier between the Pacific and the Gulf 
faunas, geographical isolation has appar- 
ently resulted in speciation both within 
the host genus, Kyphosus, and the acan- 
thocephalan parasites. 

It is characteristic of some species of 
Acanthocephala to possess a few, inordi- 
nately enlarged hooks which occupy so 
much more space than the usual type 
that the symmetry of hook pattern be- 
comes disrupted, as in some species of 
Arhythmorhynchus (Fig. 12) and Cory- 
nosoma (Fig. 13). Other focal or zonal 
specialization (Van Cleave, 1941) consists 
in the localized development of certain 
groups of hooks, for example, the trans- 
verse basal ventral crescent of hooks in 
Telosentis tenuicornis, or the longitudinal 
crowding and disruption of the longitudi- 
nal rows in Tegorhynchus pectinarius 
(Fig. 14) in which some hooks have de- 
generated, leaving only vestigial roots. 
Most of the conspicuous modifications of 
hook pattern occur in the Palaeacantho- 
cephala, some of which are considered 
the most highly specialized acanthocepha- 
lans. The complexity and the specifically 
fixed nature of these extreme modifica- 
tions support the assumption that the 
determination of the armature of the 
acanthocephalan proboscis is under a very 
complicated genic control. Although ge- 
neticists have shown that some appar- 
ently complex conditions are under con- 
trol of one or a few genes, the intricate 


pattern of proboscis armature in some of 
the Palaeacanthocephala would seem to 
indicate that the detailed pattern of ar- 
rangement and relative size of the pro- 
boscis hooks might involve several genes. 


Variability in Eoacanthocephala 


The low individual variability in the 
species of Eoacanthocephala seems to be 
correlated with the fact that all steps in 
ontogeny, even to the sequence and num- 
ber of nuclear divisions to form somatic 
nuclei, are specifically and rigidly pre- 
determined (Van Cleave, 1914). Determi- 
nate cleavage in this class appears to set 
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Fic. 17. Diagrams showing quincunxial ar- 
rangement of the bases of the proboscis hooks 
in Eoacanthocephala. These may be enumer- 
ated as: A, three transverse rows of six hooks 
each; B, six diagonal rows of three each; or 
C, potentially twelve longitudinal rows, six of 
which have two hooks each, while in the alter- 
nating series a “row” is represented by a 
single hook. In most Acanthocephala it is 
convenient to cite the number of longitudinal 
rows and the number of hooks in each. But 
to avoid the inconsistency of calling a single 
hook a “row,” in some genera (Neoechinorhyn- 
chus, Octospinifer, Acanthogyrus, for ex- 
ample), reference is made, as in Table II, to 
diagonal rows. This provides a basis for direct 
comparison of hook arrangements in Eoacan- 
thocephala and Metacanthocephala. 
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Fics. 18, 19. The proboscis of Oncicola campanulata (Diesing) in lateral view, showing how 
the hook arrangement in Archiacanthocephala may be expressed in either spiral or transverse 
rows (compare Fig. 17). 18, Hooks numbered in spiral rows of six hooks each (after Meyer). 
19, Broken lines show how the hooks at the same level fall into six consistent transverse 


rows. 


the pattern for a phenomenal degree of 
uniformity in all body features, including 
such items as the exact number and ar- 
rangement of the proboscis hooks. Lynch 
(1936), in a study of three species of the 
genus Neoechinorhynchus, found one in- 
dividual with five proboscis hooks in each 
encircling series, instead of the customary 
six. This single teratological specimen 
was the only one which Lynch discovered 
in an examination of several hundred in- 
dividuals. The present writer has exam- 
ined many thousands of individuals, rep- 
resenting more than twenty species of 
Neoechinorhynchus, without encounter- 
ing a single instance of deviation from 
the distinctive hook formula. With varia- 
tion practically nonexistent, there is in 
present-day species no visible expression 
of individual differences on which natural 
selection could operate to establish new 
genera. It is possible that the hook for- 
mula as now established is a pleiotropic 
effect of some feature which is not now 
under selective influence. 

The most obvious explanation of the 
high degree of uniformity within each of 
the species of the Eoacanthocephala, is 
that inbreeding and isolation may have 
resulted in a high degree of homozygosity. 
Under these conditions there would be 


relatively little genetic variability due to 
recombinations of heterozygous genes. Al- 
though the host species for many Acan- 
thocephala have broad geographical dis- 
tributions, and host specificity is not ab- 
solute, individuals of both the arthropod 
intermediate host and of the fish defini- 
tive host commonly have restricted terri- 
tory. Thus, the parasites would tend to 
be segregated in an effective state of iso- 
lation within the individual host, furnish- 
ing conditions favorable for inbreeding 
and establishing any features which ap- 
pear. 

With a full realization of the character- 
istic lack of individual variation in the 
hook formula of the Eoacanthocephala, 
the discovery of a relatively large series 
of individuals with eight hooks in each 
of three circles (i.e., eight diagonal rows 
of three hooks each) furnished presump- 
tive evidence of a taxonomic distinction 
higher than that which marks species in 
this order. When this observation was 
supported by the recognition of other mor- 
phological features of conspicuous nature, 
the material was recognized as the basis 
for description of a new genus to which 
the name Octospinifer was applied (Van 
Cleave, 1919). Subsequent discovery of 





82 





SYSTEMATIC ZOOLOGY 





specifically distinct individuals (Fig. 6), 
widely separated geographically from the 
genotype, added support to the claim of 
validity of Octospinifer as a separate 
genus (Van Cleave and Haderlie, 1950). 
The large number of available specimens 
of the two species, and the recognition of 
distinctive morphological features in ad- 
dition to the hook number, provided abso- 
lute proof that the genus was valid, that 
it was neither based upon a normally var- 
iable species of the genus Neoechino- 
rhynchus nor upon accidentally encoun- 
tered teratological individuals. Travassos 
(1926), whose experience with Acantho- 
cephala had been restricted almost ex- 
clusively to the Metacanthocephala, ques- 
tioned the validity of Octospinifer. He 
regarded the features as only specifically 
distinct, maintaining that O. macilentus is 
a member of the genus Neoechinorhyn- 
chus. His position, although backed by 
an extensive experience with representa- 
tives of other orders of Acanthocephala, 
lacked the convincing assurance of direct 
experience with the immutability of spe- 
cific features in the Eoacanthocephala. 

Similarly, specimens with twelve hooks 
in each circle were originally assigned to 
the genus Neoechinorhynchus as N. graci- 
lisentis, but the ultraconservative basis 
for this early assignment became evident 
when detailed morphological studies were 
made (Van Cleave, 1919). Hook number, 
often the only feature mentioned in keys, 
is only one of a series of significant char- 
acters available for allotting this species 
to a distinct genus. 

Neoechinorhynchus is by far the most 
widely distributed geographically of any 
genus among the Eoacanthocephala. Fur- 
thermore, the morphological and biologi- 
cal distinctions among its species are 
far greater than they are in any other 
genus of the order Neoacanthocephala. 
All evidence points to Neoechinorhynchus 
as the oldest and most primitive genus in 
this order. No member of the order has 
fewer than the six diagonal series of three 
hooks each, the hook formula character- 
istic of Neoechinorhynchus. Other genera 


possess six, eight, ten, or twelve diagonal 
rows, each with three, four, or more hooks 
per series. Odd numbers in the transverse 
series are unknown in the Neoacantho- 
cephala, but these are often encountered 
in Metacanthocephala. 


Individual Variation and Evolution 


Relatively wide individual variation in 
proboscis size, and number (Table III) 
and size and distribution of proboscis 
hooks, characterizes the order Palaeacan- 
thocephala. Isolation might allow the nor- 
mal extremes in a highly variable species 
to become segregated as distinct species. 
Especially could new species be derived 
from the population of a variable one 
when geographical isolation and isolation 
of hosts are supplemented by those physi- 
cal adjustments between parasite and host 
which establish a high degree of host- 
parasite specificity. As similar features 
differentiate both species and genera in 
the Palaeacanthocephala, the conditions 
of natural selection leading to speciation 
might also produce major differences 
which have come to be regarded as ge- 
neric. 

In the orders Gyracanthocephala, Neoa- 
canthocephala, and Archiacanthocephala, 
on the other hand, individual variability 
in number and arrangement of the pro- 
boscis hooks is usually nonexistent for 
most of the species. Hence, variability in 
the hook formula in present-day species 
cannot provide a normal variable on 
which natural selection could operate to 
evolve either new species or new genera. 
It will be recalled that in the Eoacantho- 
cephala species differences are compara- 
tively minor morphological features 
which involve relative or absolute size of 
the body or of its component parts, while 
genera are commonly recognizable on the 
basis of distinct differences in the formulae 
of the proboscis armature. In some in- 
stances other morphological changes re- 
flect differences between genera with 
identical hook formulae. The characters 
useful for differentiating species within 
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the order Archiacanthocephala are simi- 
lar to those used in the Eoacanthocephala, 
but proboscis armature does not help in 
distinguishing genera. Several of the gen- 
era have identical hook formulae, and for 
these, host relations and relatively minor, 
but reasonably constant, morphological 
variations serve as the basis for generic 
distinctions. In others there is no clear- 
cut differentiation between those fea- 
tures which are distinctive of genera and 
those which serve for separation of spe- 
cies. Both could be accounted for readily 
on the basis of natural selection operating 
on normal fluctuating individual differ- 
ences, as is true of the Palaeacantho- 
cephala, the other order of Metacantho- 
cephala. 
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Diacritical Marks in Zoological 


Names 


HE use of diacritical marks in zoologi- 

cal names is again to be discussed by 
the International Commission on Zoologi- 
cal Nomenclature (see Bull. Zool. Nomen., 
6, 92 ff., 1951). A careful note on the sub- 
ject has recently been published by Black- 
welder, Knight, and Sabrosky (Science, 
108, 37-38, 1948), but other opinions are 
tenable, and it might be well to state them 
publicly in order that consideration and 
discussion may be thorough, and final de- 
cisions as sound as possible. 

The English language makes no use of 
diacritical marks (except the diaeresis, 
which does not occur frequently in proper 
names) and those whose native tongue is 
English are apt to regard them as quaint 
manifestations of inscrutable foreign 
ways, not to be taken too seriously. This 
refusal on our part to use diacritical 
marks, which has existed at least since 
the days of Mr. Handel, would not be too 
important did we not, with naive arro- 
gance, go on to assume that good English 
is also good Latin provided such tiresome 
things as case endings be appended. Thus 
we consider X. mclearni or Y. powwowen- 
sis to be quite acceptable Latin, and are 
surprised when our French-speaking col- 
leagues object to them. In the same way 
we tend to assume that the form which a 
foreign name would take in English is 
also the form it should take in Latin. 

We often tend to oversimplify the 
matter by talking in terms of umlauts, 
forgetting how numerous and widely used 
diacritical marks are. I have just gone 
through a few paleontological papers 
which happen to be on my desk, and I 
find these marks in use in proper names— 
Ceech: 4, ¢, é€, i, ¥, ¢, S, 2, & Turkien: 1,1, 
ii, a, 6, ¢, $, g; Polish: a, e, 6, §, ¢, 4, Z, Zz, n; 
Latvian: 4, é, ¢, §, g, 1, k, r. It may be 
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protested that these are languages little 
used in the sciences, but these letters were 
found in just the sort of names, those of 
scientists and places where fossils were 
found, which are used as bases for zoologi- 
cal names. 

At present the Régles are quite clear, 
and demand that a name based on a per- 
sonal or place name must retain any dia- 
critical marks that name would bear in 
its original language. Those who would 
alter the rule make one of two sugges- 
tions, sometimes both—(a) that diacriti- 
cal marks be transliterated, and (b) that 
they be omitted without transliteration. 

Those who suggest transliteration as a 
means of handling diacritical marks con- 
sider that the name, the essential name, 
is a collection of sounds, and that the 
letters by which these sounds are repre- 
sented are of secondary importance. This 
seems to be the view of many French 
workers, for example, who would like to 
see names ruled homonymous when they 
sound alike (in French). 

The simplest case, and that usually 
cited as if it were the only case, is that of 
the German umlauted vowels, where a 
transliteration, e.g., we for ii, is often sanc- 
tioned by usage within the language itself. 
But this is a special case, and others are 
not so simple. Thus the Norse @ is some- 
times written aa in Norse, but the Swedish 
ad is never written in any form but d in 
Swedish. 

Let us take a clear-cut case, that of the 
Czech é, a very common letter, and one 
which is not a ¢ at all but quite separate, 
having not only its own sound, but its 
own place in the alphabet, being indeed 
equivalent to the Cyrillic 4. If this char- 
acter is to be transliterated, how is it to be 
done? Your German worker would say, by 
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tsch; your French, by tch; your Turk, by ¢. 
In English the usual transliteration is ch, 
except that initially it often becomes cz. 
Which form would be preferred by a Latin 
author? I do not think we can know. This 
particular character is doubly confusing 
since its English equivalent, ch, is the 
same as the French transliteration of the 
completely different character §, which in 
turn in English becomes sh. 

But this is still a comparatively simple 
case, since we are agreed on the sound of 
the character, and only differ in the letters 
we use to represent it in various lan- 
guages. But what shall we do with the 
Polish ?, which all seem to agree repre- 
sents no sound known to west-European 
throats or alphabets? 

I think we do not need to labor this 
point. If we are to have any translitera- 
tion it must be according to some agreed 
pattern, and this agreement does not now 
exist. Unless the International Commis- 
sion is prepared to lay down rules cover- 
ing transliteration of all nonclassical char- 
acters (which I trust it will not do), 
rendering of diacritical marks by trans- 
literation according to local usages can 
only lead to confusion. In my opinion, this 
should not be allowed. 

In contrast to the view discussed above, 
there is the attitude of many workers 
(and this applies especially, I think, to 
American workers) who see a name as 
primarily a group of letters, and only sec- 
ondarily as the sounds those letters repre- 
sent. Accepting the name as a literal unit 
they argue that, being in classical form, it 
cannot contain letters which do not occur 
in the classical alphabet. Thus they would 
omit diacritical marks without any other 
change in the letter involved. 

Here it should be noted that diacritical 
marks are of two kinds: (a) those to 
which the name properly applies, the 
German umlaut, the French accents and 
cédille, the Spanish diéresis, the Portu- 
guese til, and so on, where the mark indi- 
cates that the sound of the letter is in 
some way different from that proper to it; 
and (b) by a loose extension of the term, 


those marks which, in combination with a 
letter, make a completely new character, 
e.g., the Spanish 7, the Czech é, 2, §, the 
Polish ?, etc. It is possible that these two 
groups should be treated differently. It 
may be argued that loss of a mark indi- 
cating quantity of a vowel does not really 
alter the spelling of the word, and the 
word is the same word with or without it. 
I shall return to this point later, simply 
noting it here as debatable. 

I think this argument cannot be ad- 
vanced for those marks which make of a 
given letter a new one. To write c for é 
is as great an error in spelling as to write 
x for c. It is true that Caesar did not 
use the character é, but then he did not 
know any modern Czechs. When the 
Romans had occasion to borrow words 
from the Greeks they also borrowed the 
necessary letters with which to spell them. 
Since most of the scientific names in- 
volved are based on personal names it 
might be helpful to consider a particular 
case. If I am working in a group with a 
species Conularia klouéeki, then it is quite 
probable that I shall have to refer not 
only to this species but also to Dr. Klou- 
éek for whom it was name. Shail I allow 
my editor to change his name to Kloucek? 
I think all would agree that such a usage 
would be avoided if at all possible. One 
does not willingly misspell the name of 
a colleague, and this would be recognized 
as a misspelling. But if this is true of Dr. 
Klouéek’s name itself, is it not likewise 
true of the name of the species dedicated 
to him? I think it is. 

Blackwelder and others (with whom I 
disagree with the greatest reluctance) 
justify the omission of diacritical marks 
on the ground that some printers may not 
be able to reproduce them. Would it not 
be more realistic to say that authors’ type- 
writers cannot reproduce them? Any 
printer handling scientific material has 
great resources in fonts: it is the author, 
who must go to the trouble of inserting 
the marks by hand, who really objects to 
them. If a printer can set Klouéek he can 
set klouéeki. If he cannot set Klouéek, 
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then he should not be setting my papers 
at all. In short, I see no reason but lazi- 
ness for omission of what may be called 
essential diacritical marks. 

I have postponed discussion of “non- 
essential” marks, that is those which alter 
only the sound of the letter, give it a dif- 
ferent quantity, call for its pronunciation 
in normally mute positions, indicate a 
diphthong or a nasalizing, but do not 
make of it a different letter in the opinion 
of natives to the language. Here I feel 
keenly my own linguistic ignorance. Is a 
Polish g essentially different from the 
letter a? Is a Turkish i simply ani witha 
dot, or a different letter from the undotted 
2? I do not know, and I feel even more 
uncomfortable in some other languages, 
and very incompetent to decide that this 
letter or that bears only a trivial mark. 
Thus I would tend to keep all diacritical 
marks, since that could never be wrong, 
rather than risk error by omission of es- 
sential ones. 

Dr. Muir-Wood has raised the question 
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of the possible homonymy of the generic 
names Tornquistia and Tdérnquistia, 
named for two different men. I think 
these must be considered two different 
names, although it is a question on which 
I would take advice from more competent 
scholars. The distinctness of these names 
has been impressed on me in recent con- 
versation with my Swedish colleague Dr. 
Ivar Hessland. Some years ago Marshall 
Kay erected a genus of ostracods Opikatia, 
intending thereby to honor Dr. A. Opik 
of Tartu, but the umlaut was inadvert- 
ently omitted in the printing, and no 
specific dedication was made. Hessland 
tells me that, although he knew of Opik’s 
work, the possibility of Opik being con- 
nected with Opikatia did not occur to him, 
so distinct were the letters 6 and o for him. 
Here I think we must let our European 
colleagues guide us, and follow their 
usage. 


G. WINSTON SINCLAIR is in the Depart- 
ment of Geology at the University of Michigan. 


U.S. National 


Museum, 1890-1897 


T HAS been recognized for many years 

that certain issues of the Proceedings of 
the U.S. National Museum about the year 
1895 were issued in two forms, one bear- 
ing the printed notice “Advance sheet.” 
These have been recognized in several 
zoological fields and have entered into 
bibliographies and synonymies at least of 
mammals. The existence of these issues 
has thus been known to a few interested 
parties, but no summary seems ever to 
have been made. 

In listing these advance sheets, certain 
facts were unearthed which have impor- 
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tant nomenclatural implications. The ad- 
vance sheets have every appearance of 
being official publications, and doubtless 
they occur occasionally among separates 
in the libraries of specialists. All are sys- 
tematic papers, not over four pages in 
length, with descriptions of new species. 
In spite of their appearance, it is defi- 
nitely known that these sheets were pri- 
vately published from type set up by a 
commercial printer in Washington who 
used as manuscript the galley proofs of 
the real Proceedings paper which was 
being published by the Government Print- 
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ing Office. The special printing was paid 
for privately, presumably by the author, 
and resulted in prompter publication. The 
number of copies run off in these advance 
printings is unknown, but it probably was 
not large. 

Resetting the type resulted in differ- 
ences between the two “editions.” The 
type face is in general slightly different, 
with differences in arrangement and use 
of capitals and italics. However, the most 
important difference is the actual altera- 
tion of the material printed. This occurs 
several times, involving addition or dele- 
tion of a Museum Catalog Type Number, 
the statement about type repository, omis- 
sion of plates, and changes in the title. 

The advance sheets appeared from two 
to eleven months ahead of the Proceed- 
ings. In some cases this means that the 
advance sheets appeared in the year pre- 
ceding the corresponding Proceedings. 
Since there can be little doubt that these 
advance sheets constitute publication in 
their own right, and that they antedate 
the Proceedings issues, they become of 
considerable importance as the original 
publication of many new species and 
genera. Since the advance sheets had no 
official connection with the U.S. National 
Museum or its Proceedings, they should 
be cited as separate publications of the 
authors concerned, as indicated below. 

Twenty of these advance sheets have 
been discovered. (They are noted in the 
latest list of the Museum’s publications. ) 
The pertinent information about each is 
given below, with a list of the generic and 
specific descriptions involved. 


MAMMALS 


1. Sueet No. 4. Description of a new spe- 
cies of fruit bat, Pteropus aldabren- 
sis, from Aldabra Island. By Fred- 
erick W. True. 2 pp., July 14, 1893. 
Proc. No. 948. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 16, 533- 
534, Oct. 2, 1893. 

Both include: Pteropus aldabren- 
sis. 


2. SHEET No. 7. Diagnoses of new North 
American mammals. By Frederick 
W. True. pp. 1-3, April 24, 1894. 
Proc. No. 999. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 17, 241- 
243, Nov. 15, 1894. 

Both include: Sciwrus aberti con- 
color, Scapanus dilatus, Parascalops, 
Myodes nigripes, Mictomys, M. in- 
nuitus. 

3. SHEET No. 8. Diagnoses of some unde- 
scribed wood rats (genus Neotoma) 
in the National Museum. By Fred- 
erick W. True. pp. 1-3, June 27, 1894. 
Proc. No. 1006. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 17, 353- 
355, Nov. 15, 1894. 

Both include: Neotoma splendens, 
N. macrotis simplex, N. venusta, N. 
occidentalis fusca. 

4. SHEET No. 12. Preliminary diagnoses 
of new mammals from the Mexican 
border of the United States. By Ed- 
gar A. Mearns. pp. 1-4, March 25, 
1896. 

Proc. No. 1075. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 18, 448- 
447, May 23, 1896. 

Both include: Spermophilus mezi- 
canus parvidens, S. harrisi saxicolus, 
Lepus merriami, Peromyscus canus, 
P. tornillo, P. texanus medius, P. 
texanus clementis. 

5. SHEET No. 15. Preliminary diagnoses 
of new mammals from the Mexican 
border of the United States. By Ed- 
gar A. Mearns. pp. 1-4, May 25, 1896. 
Proc. No. 1103. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 19, 137- 
140, Dec. 21, 1896. 

Both include: Peromyscus mer- 
riami, P. eremicus arenarius, P. boylii 
penicillatus, Onychomys torridus are- 
nicola, O. torridus perpallidus. 

6. SHEET No. 16. Preliminary diagnoses 
of new mammals of the genera Lynz, 
Urocyon, Spilogale, and Mephitis, 
from the Mexican boundary line. By 
Edgar A. Mearns. pp. 1-4, Jan. 12, 
1897. 

Proc. No. 1126. (Same title and au- 
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thor.) Proc. U.S. Nat. Mus., 20, 457- 
461, Dec. 24, 1897. 

Both include: Lynx rufus eremi- 
cus, L. rufus californicus, Urocyon 
cinereoargenteus texensis, U. c. cali- 
fornicus, Spilogale ambigua, Mephatis 
occidentalis holznevi. 

SHEET No. 19. Preliminary diagnoses 
of new mammals of the genera Mephi- 
tis, Dorcelaphus, and Dicotyles, from 
the Mexican border of the United 
States. By Edgar A. Mearns. pp. 1-4, 
Feb. 11, 1897. 

Proc. No. 1129. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 20, 467- 
471, Dec. 24, 1897. 

Both include: Mephitis milleri, Dor- 
celaphus crooki, Dicotyles angulatus 
sonoriensis, Dorcelaphus hemionus 
eremicus. 

SHEET No. 20. Preliminary diagnoses 
of new mammals of the genera 
Sciurus, Castor, Neotoma, and Sigmo- 
don, from the Mexican border of the 
United States. By Edgar A. Mearns. 
pp. 1-4, Mar. 5, 1897. 

Proc. No. 1132. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 20, 501- 
505, January 19, 1898. 

Both include: Sciurus fossor an- 
thonyi, Castor canadensis frondator, 
Neotoma cumulator, Sigmodon hispi- 
dus pallidus, S. hispidus eremicus. 


BIRDS 


SHEET No. 5. Descriptions of some 
new birds collected on the islands of 
Aldabra and Assumption, northwest 
of Madagascar, by Dr. W. L. Abbott. 
By Robert Ridgway. pp. 1-4, Aug. 16, 
1893. 

Proc. No. 953. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 16, 597- 
600, Oct. 25, 1893. 

Both include: Jzocincla madagas- 
cariensis restrata, Buchanga alda- 
brana, Foudia aldabrana, Rougetius 
aldabranus, Ibis abbotti, Sula abbotti, 
Turtur saturatus. 


REPTILES AND AMPHIBIA 


10. SHEET No. 9. Description of Uta 


11. 


13. 


14. 


mearnsi, a new lizard from California. 
By Leonhard Stejneger. pp. 1-3, Nov. 
30, 1894. 
Proc. No. 1020. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 17, 589- 
591, May 11, 1895. 
Both include: Uta mearnsi. 
SHEET No. 14. Description of a new 
genus and species of blind tailed 
batrachians from the subterranean 
waters of Texas. By Leonhard Stej- 
neger. pp. 1-3, April 15, 1896. 
Proc. No. 1088. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 18, 619- 
621, Aug. 12, 1896. 
Both include: 
rathbuni. 


Typhlomolge, T. 


FISHES 


SHEET No. 2. Description of the yel- 
low-finned trout of Twin Lakes, Colo- 
rado. By D.S. Jordan and B. W. Ever- 
mann. 1 p., Jan. 20, 1890. 

Proc. No. 780. (Same title and au- 
thors.) Proc. U.S. Nat. Mus., 12, 453- 
454, April 21, 1890. 

Both include: Salmo mykiss mac- 
donaldi. 

SHEET No. 3. Description of a new 
cottoid fish collected by the U.S. Fish 
Commission. By Tarleton H. Bean. 
pp. 1-2, Mar. 4, 1890. 

Proc. No. 787. Scientific results of 
explorations of the U.S. Fish Commis- 
sion steamer Albatross. No. VIII.— 
Description of a new cottoid fish from 
British Columbia. (Same author.) 
Proc. U.S. Nat. Mus., 12, 641-642, 
June ?, 1890. 

Both include: Synchirus, S. gilli. 
SHEET No. 17. Description of a new 
blenny-like fish of the genus Opistho- 
centrus, collected in Vulcano Bay, 
Port Morusan, Japan, by Nicolai A. 
Grebnitski. By T. H. Bean and B. A. 
Bean. 1 p., Jan. 28, 1897. 

Proc. No. 1127. (Same title except 


for “Port Morusan’’; same author.) 
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16. 


Lie 


Proc. U.S. Nat. Mus., 20, 463-464, pl. 
35, Dec. 24, 1897. 

Both include: Opisthocentrus ten- 
uis. 


INSECTS: COLEOPTERA 


SHEET No. 10. Description of a new 
species of golden beetle from Costa 
Rica. By Martin L. Linell. pp. 1-2, 
Jan. 12, 1895. 

Proc. No. 1040. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 18, 77-78, 
April 23, 1896. 

Both include: Plusiotis keithi. 
SuHeet No. 11. Two new species of 
beetles of the tenebrionid genus Echo- 
cerus. By F. H. Chittenden. pp. 1-2, 
Jan. 16, 1895. 

Proc. No. 1041. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 18, 79-80, 
April 23, 1896. 

Both include: Echocerus dentiger, 

E. recurvatus. 


CRUSTACEA 


SHEET No. 6. Descriptions of a new 
genus and four new species of crabs 
from the Antillean region. By Mary J. 
Rathbun. pp. 1-4, Mar. 30, 1894. 
Proc. No. 986. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 17, 83-86, 
July 21, 1894. 


Both include: Thyrolambrus, T. 


astroides, Solenolambrus decemspino- 


18. 


19. 


20. 


sus, Actaea palmeri, Pilumnus dio- 
medeae. 

SHEET No. 13. Preliminary descrip- 
tions of a new genus and three new 
species of crustaceans from an arte- 
sian well at San Marcos, Texas. By 
James E. Benedict. pp. 1-2, April 14, 
1896. 

Proc. No. 1087. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 18, 615- 
617, Aug. 12, 1896. 

Both include: Palaemonetes antro- 
rum, Cirolanides, C. texensis, Crang- 
onyx flagellatus. 

SHEET No. 18. Description of a new 
crustacean of the genus Sphaeroma 
from a warm spring in New Mexico. 
By Harriet Richardson. 1 p., Feb. 6, 
1897. 

Proc. No. 1128. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 20, 465- 
466, Dec. 24, 1897. 


Both include: Sphaeroma _ther- 
mophilum. 
BRACHIOPODA 


Sueet No. 1. Description of a new 
genus and species of inarticulate 
brachiopod from the Trenton lime- 
stone. By Charles D. Walcott. 1 p., 
Dec. 10, 1889. 

Proc. No. 775. (Same title and au- 
thor.) Proc. U.S. Nat. Mus., 12, 365- 
366, 4 figs., Mar. 4, 1890. 

Both include: Contreta, C. rusti. 








People and Projects 


The National Science Foundation has 
announced its approval of 28 research 
grants, two of which will support work 
in systematic zoology. The recipients of 
both awards are members of the Society 
of Systematic Zoology. 

Drs. E. Raymond Hall and Rollin H. 
Baker, Department of Zoology, University 
of Kansas, were granted $23,900 for a 
three-year study of Speciation of North 
American Mammals. 

Dr. Frank N. Young, Zoology Depart- 
ment, Indiana University, received $2400 
to aid in a study of the Biometry and 
Taxonomy of Tiger Beetles. 

Another member, Dr. Howard E. Evans, 
Dept. of Entomology, Kansas State Col- 
lege, has been awarded $9500 for a three- 
year study of the behavior patterns of soli- 
tary Hymenoptera. 


The Silliman Lectures at Yale Univer- 
sity were given this year by Prof. Hans 
Pettersson, Director of the Oceanografiska 
Institutet, Géteborg, Sweden, on The 
Ocean Floor and Its Problems. The titles 
of the lectures were: The Oceans and 
Their History, Exploring the Ocean Floor, 
The Sediment Carpet and the Substratum, 
The Stratigraphy of the Ocean Floor, 
Deep-sea Radium and Submarine Chro- 
nology, The Deepest Water-layers and 
Their Movements, Life in Great Depths. 


Certain technical files of the Paleontol- 
ogy and Stratigraphy Bureau of the U. S. 
Geological Survey have been released as 
Open File Reports and it has been ar- 
ranged that either microfilm or paper 
facsimile copies may be purchased at cost 
of reproduction. Further information is 
available from the Map Information Office 
of the Survey, Washington 25, D. C. 





Dr. S. A. Neave retired in April from 
the honorary secretaryship of the Zoologi- 
cal Society of London. After the resigna- 
tion of Dr. Julian Huxley, the council of 
the society altered the nature of the secre- 
taryship, making it an honorary office 
similar to those of the president and treas- 
urer, and Dr. Neave has occupied this po- 
sition since 1942. Dr. Neave is well known 
for his four-volume Nomenclator Zoologi- 
cus, a standard reference of great impor- 
tance to every systematic zoologist. Vis- 
count Chaplin has been appointed to suc- 
ceed Dr. Neave. Lord Chaplin has served 
on the society’s council and has been a 
most constant benefactor of the menagerie 
at Regent’s Park. He has recently brought 
forward evidence in support of the view 
that European tree frogs comprise two 
distinct species, Hyla meridionalis and 
Hyla arborea, the latter divisible into H. a. 
arborea and H. a. savignyi. 


Prof. K. N. Bahl, who retired from the 
chair of zoology in the University of Luck- 
now last fall and was reappointed re- 
search professor, has now been appointed 
vice-chancellor of Patna University. Prof. 
Bahl is known for his brilliant investiga- 
tions on the morphology and physiology 
of earthworms and other invertebrates 
and for his founding and editing of the 
famous Indian Zoological Memoirs, eight 
volumes on types of Indian animals. 


The Norwegian-Swedish-British Ant- 
arctic Expedition which has been working 
for over two years in Queen Maude’s Land 
and adjacent areas has returned with a 
considerable body of glaciological, geologi- 
cal, and meteorological data. Large areas 
were mapped by aerial photography from 
an altitude of 13,000 feet. Collections of 
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lichens, moss-like plants, and acarines 
were made on exposed rock surfaces. 


The report of the Glacial Border Sym- 
posium, which was held by the Ecological 
Society of America, has just been pub- 
lished. This includes the following con- 
tributions: Vegetation and Cryoplanation, 
by H. M. Raup; Pleistocene Frost Action 
Near the Border of the Wisconsin Drift in 
Pennsylvania, by C. S. Denny; The Fossil 
Record Near the Glacial Border, by J. E. 
Potzger; The Possible Role of Micro- 
climate, by J. N. Wolfe; Distribution of 
Ohio Animals, by E. S. Thomas; Plant 
Distribution in Relation to the Glacial 
Boundary, by E. Lucy Braun. Copies are 
available (40 cents in stamps) from Mur- 
ray F. Buell, Botany Department, Rutgers 
University, New Brunswick, N. J. 


Dr. Paul Illg, formerly of the Division 
of Marine Invertebrates of the U.S. Na- 
tional Museum, has accepted a position in 
the Department of Zoology of the Univer- 
sity of Washington. His departure from 
the Museum is a serious loss to the zoo- 
logical staff, which was already far below 
minimum needs. 


Dr. Bruce Halstead, ichthyologist of the 
School of Tropical and Preventive Medi- 
cine at Loma Linda, Calif., visited Japan, 
Okinawa, and Guam in April to study 
Japanese research techniques in investi- 
gations of pufferfish poisoning. 


Eugenie Clark, research associate of the 
American Museum of Natural History, re- 
cently returned from a ten-month study 
of poisonous fish in the Red Sea. Her col- 
lection consists of 300 species, three of 
them entirely new. She worked as a Ful- 
bright scholar from a desert station on the 
northern Egyptian Red Sea coast. 


Dr. Alexander Wetmore, secretary of 
the Smithsonian Institution since 1945, 
will retire at the end of this year to de- 
vote himself to ornithological research. 
He will be succeeded as secretary by Dr. 
Leonard Carmichael, psychologist, of Tufts 
College. 


The Scripps Institution of Oceanogra- 
phy of the University of California is 
sending the M. V. Horizon on an expe- 
dition in the coastal areas of the Pacific 
Ocean through the equatorial regions 
southward as far as Peru. The operation, 
designated “Southern Holiday,” will take 
from May 15 to September 1. Collections 
of marine organisms will be made by dip 
net under light, by various types of plank- 
ton nets, and by the newly developed 
Isaacs-Kidd mid-water trawl. This expe- 
dition complements that made last year 
north to the Aleutian Islands under the 
designation “Northern Holiday.” 


Dr. Carl L. Hubbs of Scripps plans to 
spend the fall semester at the University 
of Michigan at Ann Arbor. In collabora- 
tion with Dr. Myron Gordon, he will try 
to complete a monograph on the taxon- 
omy and distribution of the fresh-water 
fishes of northeastern Mexico. 


An Atomic Energy Commission post- 
doctoral fellow in the biological sciences, 
Dr. John O. Corliss is spending the year 
from October 1951 to October 1952 study- 
ing ciliated protozoa in the laboratories 
of Prof. E. Fauré-Fremiet, Collége de 
France, Paris. Much of his research is 
being devoted to the systematics and com- 
parative morphology of certain holotri- 
chous ciliates. 


Research Material Wanted 


Bufo. For a study of the comparative 
osteology of all the bufonids of America 
north of Mexico, RicHarD J. BALDAUF re- 
quests lists of Bufo skeletal material avail- 
able for loan. He also desires live ma- 
terial (other than B. w. woodhousi and 
B. t. americanus) and solicits correspond- 
ence from anyone able to furnish it. A 
study of the osteology of the two species 
cited has just been completed. 

Insecta: Diptera. Wanted to borrow 
for revisionary study, calliphorid flies 
(Protocalliphora or Apaulina) whose 
larvae attack nestling birds. Reared series 
especially desired. Curtis W. SABROSKY. 








SSZ News 


SYSTEMATIC ZOOLOGY 


A major milestone of the society was 
passed on March 22, when the first issue 
of the new journal SysTeMaTiIc ZOOLOGY 
was mailed. Copies were sent to all mem- 
bers, whether they subscribed or not. For 
the present number and future ones com- 
plete copies will be sent only to sub- 
scribers. All other members will receive 
a reprint of this news section, which will 
take the place of a News Letter. 

An editor for SysreMaTic ZooLoGy was 
appointed in time to take over the pres- 
ent number. He is Dr. John L. Brooks of 
the Osborn Zoological Laboratory of Yale 
University, a specialist on Daphnia and 
especially interested in ecology. He will 
be assisted by an editorial board, which 
includes Grace E. Pickford, Curtis W. Sa- 
brosky, Philip J. Darlington, Jr., and 
Lee R. Dice. The secretary-treasurer will 
continue to act as business manager ex 
officio and as contributing editor (SSZ 
News). 

It has perhaps not been sufficiently em- 
phasized that SysTeMATiIc ZooLocy is not 
intended for the publication of descrip- 
tive papers. The Council sees its field as 
the philosophic aspect of systematics, its 
principles and problems, as well as news 
of systematists, their institutions, courses, 
and publications. Systematic material is 
not completely ruled out, but it must be 
subordinate to the discussion of prin- 
ciples. 

By the publication date 371 advance 
subscriptions had been received. This is 
about half the number necessary for self- 
sufficiency. The Council made the sub- 
scription optional so that those members 
who could not afford to subscribe would 
not be forced to drop their membership, 
but all others are urged to subscribe to 


make this major undertaking a success, 
Library subscriptions will also help, but 
they cannot take the place of support by 
all the members. 


THE 1951 COUNCIL MEETING 


The only meeting of the Council in 1951 
was held at Philadelphia on December 
28, a few hours after the annual busi- 
ness meeting. Councillors A. S. Romer 
(President-Elect), R. E. Blackwelder 
(Secretary-Treasurer), F. R. Cagle, W. I. 
Follett, W. L. Schmitt, and G. W. Whar- 
ton were present, constituting a quorum. 
By invitation Past-President Alexander 
Petrunkevitch and President-Elect-elect 
H. B. Hungerford took an active part in 
the meeting. In the absence of President 
Carl L. Hubbs, Dr. Romer presided. 

The report of the Secretary-Treasurer 
was summarized in the previous issue of 
SYSTEMATIC ZooLocy. Likewise the com- 
mittee reports and actions on them and 
the plans for this journal were described 
there. The other items of current interest 
to members will be discussed here. 

Western Section. A proposal was re- 
ceived from a group of western members 
for the formation of a Western Section 
to take an active part in the meetings of 
the Pacific Section of the AAAS each 
June. The SSZ is already affiliated with 
the Pacific Section and the formation of 
a Western Section of the SSZ, with sepa- 
rate dues to finance the sectional an- 
nouncements, was favored. Negotiations 
are now being conducted, and a prelimi- 
nary letter to survey the reaction of west- 
ern members has been circulated. Some 
cooperation in the Corvallis meeting this 
summer is planned, rrobably including 
the exhibit of our large collection of zo- 
ological books. 
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Income tar exemption. The Society’s 
application to the Bureau of Internal 
Revenue for exemption from payment of 
income tax, because of our nonprofit na- 
ture, was accepted. At the same time the 
Bureau stated that all contributions to 
the Society are deductible on the personal 
income tax returns of the donors. This 
includes dues, subscriptions, and gifts. 

Publication proposal. Following the an- 
nouncement of the policy of accepting 
only non-systematic papers for SysTEM- 
atic ZooLocy, a few members called at- 
tention to the great need for an outlet for 
systematic papers from certain fields— 
especially marine invertebrates. The 
Council did not wish to change the policy 
for SYSTEMATIC ZooLocy but did recognize 
the needs of these fields. Accordingly it 
charged the Publication Committee with 
the job of investigating this need, the pos- 
sibilities of establishing another journal 
to fill it, and determining the support that 
might be expected for such a new journal. 
Persons interested should send their 
views to Dr. F. A. Pitelka or any other 
member of the Publication Committee 
(R. H. Arnett, Jr., E. L. Kessel, G. S. 
Myers, A. Petrunkevitch, W. H. Burt, and 
G. F. Ferris). 

Zoological Record. The plan to aid the 
Zoological Record by transmitting orders 
for current and back numbers was ap- 
proved. The response to the initial an- 
nouncement was so large that the stock 
of many numbers of some sections has 
been exhausted. The Zoological Society of 
London is gratified by the response and 
hopes to continue the arrangement. More 
than $500 worth of orders have already 
been sent in. It should be emphasized 
that orders for current numbers of some 
sections will not be filled for some 
months, because these parts are published 
late in the year and are therefore not yet 
available. Correspondence about these or- 
ders should be sent direct to the Zoologi- 
cal Society of London. A revised list of 
stock and prices was to be mailed to mem- 
bers in the U. S. and Canada during April. 

Members in arrears. The annual bills of 


the Society are mailed about February 1 
of each year. The majority of the members 
return their payment promptly, some- 
times paying for several years in advance. 
Some members, however, probably for a 
variety of reasons, neglect to pay their 
dues when billed. A list must then be 
made of those who have not paid, and a 
second notice prepared and mailed to 
them. This is not only a great nuisance to 
the secretary but an extra drain on the 
Society’s meager funds. Last year, as of 
July 1, 240 members had not responded to 
the bills and therefore were sent the sec- 
ond notices. Four months later nearly 
100 of these still had not replied. Third 
notices were sent, and by now nearly half 
of this last group has paid the arrears. 

It is not supposed that any of these for- 
getful members are willfully accepting 
the benefits of membership with no in- 
tention of paying their dues, but their 
negligence puts a considerable strain on 
the time available to the officers and a 
small, but unnecessary, drain on the 
treasury. 

The Council therefore instructed the 
secretary to take the following measures 
to minimize these difficulties. Four 
months after the mailing of the annual 
bills (in 1952 this will be June 1) all 
members in arrears will be put in an in- 
active status in which they will be sent 
no publications, ballots, or announce- 
ments. Instead they will receive in each 
regular mailing of the Society a form no- 
tice explaining that their membership 
privileges are suspended until receipt of 
their dues. 

Members who are in arrears for two 
years are dropped from membership auto- 
matically. Eleven members were so 
dropped in 1951, and about seven are due 
to be dropped this spring. Of the eleven, 
seven have since been reinstated, after 
payment of the arrears and current dues. 

Honorary membership. It is evident in 
the secretary’s correspondence that a few 
well-known systematists are unable to 
join the Society, or to maintain their mem- 
bership, because their retirement from 
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active duty has cut their ability to pay 
dues and subscriptions. Some societies 
have found means of accepting or con- 
tinuing without dues the membership of 
those retired. This problem was put be- 
fore a committee of the Council, which 
will try to find a workable scheme for 
keeping the society in touch with these 
retired, but not-mentally-inactive, zool- 
ogists. 

The possibility of providing some 
means of honoring outstanding system- 
atists for their contributions to the 
science was also discussed. The commit- 
tee mentioned above was also asked to 
investigate this subject. 

The secretary reported that a large per- 
centage of the members in arrears, and 
at least half of those dropped for non-pay- 
ment of dues, were in countries other 
than the United States and Canada. This 
may be due in part to difficulties in trans- 
mitting payments from certain countries, 
but it may also be caused partly by the 
fact that much of our activity is centered 
in the United States and is of less interest 
abroad. The possibility of a foreign mem- 
bership category was discussed, but it 
was not evident how a rate of dues lower 
than our current $1.00 would be of any 
help. Possibly a corresponding member- 
ship with no payment of dues could be 
substituted. This problem also is being 
studied by the committee. 

Additional officers. It has been found 
desirable to assign certain responsibilities 
in the Society to persons other than the 
elected officers and the standing commit- 
tees. Thus, it is necessary to have a Pro- 
gram Chairman for the annual meeting, to 
coordinate the plans and make arrange- 
ments. Last year Dr. George W. Wharton 
ably fulfilled this assignment. For 1952 
the Council asked another of its members 
to assume this responsibility. Dr. H. W. 
Manter has taken charge of the program 
for the meeting in St. Louis,—an un- 
usually complex meeting and one well 
calculated to interest our members. 

The growth of our special library of 
books on zoology has been so great that 


the correspondence and arrangements | 


have become too much for the secretary 
to handle. Accordingly the council agreed 
to appoint a Librarian to take responsi- 
bility for this feature. Dr. Ross H. Ar- 
nett, Jr., of the U. S. Department of Agri- 
culture has been serving in this capacity 
since last year. The books have been 
made available for examination not only 
at the annual meeting but at sectional 
and local meetings as well, where they 
have proven to be of considerable interest. 

The Librarian is also taking part in the 
plan now being explored to prepare a 
booklet listing all the zoological books 
now obtainable from the publishers. Ar- 
ranged by subject matter and perhaps in- 
cluding references to reviews, such a list- 
ing could be of much use to teachers and 
librarians. 

A third officer, the Editor, is announced 
above. Like the others, he is responsible 
directly to the council. He has full re- 
sponsibility and authority for SysTEMATIC 
ZooLocy, starting with the second number. 


THE 1952 ANNUAL MEETING 


A preliminary outline of plans for the 
annual meeting in St. Louis, December 
27-30, is now available. There can no 
longer be any doubt that it will be a full- 
scale meeting with the usual features as 
well as some novel ones. 

There will be at least three sessions 
sponsored by the SSZ for presentation of 
papers on systematics. The papers will 
probably be grouped by subject matter. 
In addition Section F of the AAAS will 
schedule sessions for papers in all other 
fields of zoology for which there is de- 
mand. 

Three symposia are planned by the 
SSZ. The titles are not yet chosen, but 
one will probably deal with life history 
studies and one with courtship behavior. 
The third will be of a very different sort 
but cannot be announced yet. In addition 
there will be a symposium on Ecology of 
the Western Range and one on Midwest- 
ern Ecology, sponsored by other societies. 


~ 




















OGY 


ents 
tary 
reed 
Nsi- 


gri- 
city 
een 
nly 
mal 
hey 
est. 
the 
ea 
oks 
Ar- 


ist- 
ind 


2ed 
ble 


TIC 
er, 


er 
no 
ill- 


ns 


‘ill 
er. 
‘ill 
er 
le- 


rt 








ssZ NEWS 


95 





A special Sunday afternoon feature is 
to be a program of informal sketches of 
some famous zoologists who contributed 
to systematics. These are to be personal 
and anecdotal, rather than biographical. 
The session will probably be co-spon- 
sored by Section K (History and Philos- 
ophy of Science) of the AAAS. 

A major feature is to be a series of four 
book-discussion panels. Two of these will 
deal with general zoology and general bi- 
ology textbooks. These sessions should 
be of great interest to all who teach ele- 
mentary college courses, to students and 
all others who are interested in books. 

The other two book panels will discuss 
the two recent outstanding books on evo- 
lution, H. F. Blum’s Time’s Arrow and 
Evolution and G. G. Simpson’s The Mean- 
ing of Evolution. In addition to Dr. 
Blum and Dr. Simpson, the discussants 
will include outstanding scientists from 
the fields of biochemistry, genetics, pale- 
ontology, and systematics. This session 
should be the high spot of the meeting. 
Dr. Blum’s book is highly technical but of 
great importance to all evolutionists and 
other zoologists. Dr. Simpson’s book is 
written in less technical style for a less 
advanced audience but has been hailed as 
the best summary of modern evolutionary 
theory and its implications to biology and 
to mankind. Special arrangements are be- 
ing made to make these sessions unique, 
instructive, and entertaining. 

There will of course also be a Biolo- 
gists’ Smoker and a Zoologists’ Dinner, 
to which all will be welcomed. At the 
latter, Dr. Waldo L. Schmitt will present 
the annual address as Vice-President of 
the AAAS and Chairman of Section F. 
His numerous friends will have an un- 
usual opportunity to honor him for his 
long-continued and exceedingly varied 
and successful support of research, edu- 
cation, exploration, and other phases of 
science. 

The Society’s headquarters will again 
be a lounge centrally located among the 
zoology meeting rooms. It will be open 


to all biologists, who will find therein the 


popular book exhibit and an opportunity 
to renew old acquaintances and make new 
ones. 


THE PUBLICATION FUND 


At the meeting of the council in De- 
cember 1950 it was decided to solicit from 
members contributions for a Publication 
Fund, to be used to help start the pro- 
jected new journal. If any of the money 
should be unused when the journal be- 
came self-maintaining from subscriptions, 
it could be used for other publication 
projects. 

More than five hundred dollars was 
pledged at that meeting, and, in response 
to the appeal circulated with the annual 
bills in January 1951, 251 members con- 
tributed $1429.50 by the end of October. 
These members were listed in News Let- 
ter No. 5, as an acknowledgment of their 
generosity and confidence in the Society. 

Since that date additional gifts totalling 
$138 have been received, bringing the 
total of receipts to $1567.50. Disburse- 
ments, for cover design and art work, 
have been $88.50. 

The additional donors to the fund are: 
M. J. Velez, W. M. Lewis, F. T. Knapp, 
G. L. Orton, M. E. Griffith, G. C. Wheeler, 
M. Maldonado-Koerdell, H. B. Hunger- 
ford, K. P. Schmidt, D. H. Johnson, and 
G. W. Teague. 


SUPPLEMENTAL LIST OF MEMBERS 


This is the second supplement to the com- 
plete list of members issued in December 
1951. 


Chew, Prof. Robert M. 1952. 
Lawrence College, Appleton, Wis. 
nida] 

Fahy, Mr. William E. 1952. Inst. of Fish- 
eries Research, Univ. of North Carolina, 
Morehead City, N. C. 

Hazen, Mr. William E. 1952. Dept. of Zool- 
ogy, Univ. of Michigan, Ann Arbor, Mich. 
[Rhabdocoela] 

James, Miss Ellen. 1952. U. S. Geologi- 
cal Survey, Room 405, U. S. National 
Museum, Washington 25, D. C. 

Knepton, Mr. James C., Jr. 1952. Wesleyan 
College, Macon, Ga. [Testudinidae, Cau- 
data] 


Biology Dept., 
{Arach- 





96 


SYSTEMATIC ZOOLOGY 





Kuitert, Dr. Louis C. 1952. Dept. of Ento- 
mology, Univ. of Florida, Gainesville, Fla. 

Lange, Frederico Waldemar. 1952. Caixa 
Postal 16, Ponta Grossa, Parana, Brasil. 

Munoz, Senorita Maria Elena Caso. 1952. In- 
stituto de Biologia, Casa del Lago Chapul- 
tepec, Mexico, D.F., Mexico. [Echino- 
derms] 

Nosow, Edmund. 1952. Box 21, Campus Sta- 
tion, Univ. of Cincinnati, Cincinnati 20, 
Ohio. ([Bryozoa] 

Porter, Dr. T. Wayne. 1952. Dept. of 
Zoology, Michigan State College, East 
Lansing, Mich. [Aquatic Hemiptera] 

Schlinger, Evert I. 1952. Div. of Entomol- 
ogy & Parasitology, Univ. of California, 
Davis, Calif. [Diptera: Acroceridae] 

Sedman, Mr. Yale S. 1952. Dept. of Inverte- 
brate Zoology & Entomology, Univ. of 
Utah, Salt Lake City 1, Utah. [Diptera] 

Teague, Mr. Gerard W. 1952. Museo de His- 
toria Natural, Casilla de Correo 399, 
Montevideo, Uruguay. [Fishes] 

Uzzell, Mr. Thomas M., Jr. 1952. Museum 
of Zoology, Univ. of Michigan, Ann Ar- 
bor, Mich. [Reptiles, amphibians] 

Walter, Waldemar M. 1952. Dept. of Zool- 
ogy, Duke Univ., Durham, N. C. [Mol- 
lusca, invertebrates] 

Ward, Mr. Ronald A. 1952. Dept. of Zool- 
ogy, Univ. of Chicago, Chicago 37, II. 
[Mallophaga, Anoplura] 

Ximenex-Trianon, Isaias. 1952. Museo de 
Historia Natural, Casilla de Correo 399, 
Montevideo, Uruguay. [Elasmobranchia, 
mammals] 

Young, Dr. David A., Jr. 1952. Div. of In- 
sects, U. S. National Museum, Washing- 
ton 25, D. C. ([Cicadellidae] 


CHANGES OF ADDRESS 


The following changes of address (or cor- 
rections) have been recorded since the last 
supplement. 


Ashe, William A. 
Maumee, Ohio. 


1951. 
(Ticks] 


Monclova Road, 


Capelle, Kenneth J. 1951. 
flower, Kans. [Diptera] 
Edmondson, Prof. C. H. 1948. 


112 Lane P, Sun- 


B. P. Bishop 


Museum, Honolulu 17, Hawaii. ([Crus- 
tacea, Mollusca] 
Edwards, Dr. Robert L. 1950. 46 Lincoln 


St., Waltham 54, Mass. [Mammals, para- 


sites] 

Farrier, MauriceH. 1952. R.F.D.1, Brighton, 
Iowa. [Acari] 

Hall, David G. 1948, C. 4110 South Bldg., 


U. S. Dept. of Agriculture, Washington 
25, D. C. [Sarcophagidae] 


Johnson, Murray L., M.D. 1948, C. 3810 No. 
35th St., Tacoma 7, Wash. [Reptiles, 
mammals] 

Keifer, H. H. 1950. 1112 Swanston Drive, 


Sacramento 18, Calif. [Microlepidoptera, 
weevil larvae, Eriophyid mites] 

Leone, Dr. Charles A. 1948, C. Dept. of Zo- 
ology, Univ. of Kansas, Lawrence, Kans. 
[Insects, Crustacea, mammals] 

McMillin, Dr. Harvey C. 1951. C/o Ameri- 
can Embassy, Lima, Peru. [Fishes, mol- 
lusks] 

Reed, Clyde T. 1948, C. 3202 No. Rome, 
Tampa 7, Fla. (Marine zoology] 

Roudabush, Dr. Robert L. 1948,C. Lab. of In- 
dustrial Medicine, Eastman Kodak Co., 
Rochester 15, N. Y. [Parasitology] 

Ryan, Mr. R. Mark. 1951. Dept. of Educa- 
tion, Los Angeles Museum, Los Ange- 


les 7, Calif. [Mammals] 
Shelford, Prof. V. E. 1950. Resigned March 
13, 1952. 


Sokol, Otto M. 1951. 602 University Ave., 
Palo Alto, Calif. [Reptiles, amphibians] 

Stark, Harold E. 1948, C. Vector Control 
Lab., 14th Ave. & Lake St., San Fran- 
cisco 18, Calif. (Siphonaptera] 

Tuthill, Dr. Leonard D. 1948, C. Dept. of Zo- 
ology & Entomology, Univ. of Hawaii, 
Honolulu 14, Hawaii. [Homoptera] 

Vargas, Dr. Luis. 1948, C. Laboratorio de 
Entomologia, Inst. Salubridad y Enferm. 
Tropic., Mexico, D. F., Mexico. [Diptera] 

Walters, Vladimir. 1949. 2836 Decatur Ave., 


New York 58, N. Y. [Fishes] 
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SYSTEMATIC ZOOLOGY is published quarterly by the Society of 
Systematic Zoology. Its purpose is threefold: To publish, and there- 
fore to encourage the preparation of, contributions on basic aspects 
of all fields of systematics, principles znd problems; to provide a 
suitable forum for discussion of the problems of the systematist 
and his methods; and to report as news the other activities of the 
Society of Systematic Zoology. 


Contributions of the following types are solicited: Papers on prin- 
ciples and the applications of principles of wide implication and 
general interest in any phase of systematics, such as comparative 
anatomy, zoogeography, paleontology, taxonomy, classification, evo- 
lution, or genetics; discussions of methods, specific problems, and 
activities of systematists; discussions of new books and mono- 
graphs; and news of systematists, organizations interested in syste- 
matics, research and teaching programs, expeditions, collections, 
meetings, and anything else of interest to systematists. 


Major articles should be from 1500 to 10,000 words in length. Dis- 
cussion articles should not be over 400 words unless of very general 
interest. Contributors are encouraged to submit line drawings and 
diagrams to illustrate their articles. Half-tones may be accepted 
where necessary to the article. 


THE PUBLICATION FUND 


A Publication Fund was established tu help in the initiation of this 
journal. It consists entirely of donations from the members. It is 
hoped that it will be a permanent fund for use in other publication 
programs as well. For this reason further contributions of any 
amount will be welcomed. At present this fund is restricted to 
use for SYSTEMATIC ZOOLOGY, under the supervision of the 
Council. 








